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THE GREAT NEBULA IN ORION. 


WILLIAM H.: PICKERING. 
For THE MESSENGER. aa 

Since its earliest discovery this object has occupied a pro- 
minent place in the literature of astronomy, but it is only 
within a few years since the recent applications of photog- 
raphy that an adequate means has been found properly to 
represent its structure. As this object is now in its most 
favorable position for observation, I take this opportunity 
to describe some of our more recent results, hoping that 
others may confirm them the present year. 

We have lately photographed the Trapezium, showing all 
six stars very clearly. Their unequal magnitudes make this 
avery good test object, and I think that no one should feel 
that he is getting the best results if his instrument will not 
show the sixth star well separated, and the fifth, which is de- 
cidedly fainter than the sixth, clearly defined. For this class 
of work an enlarging apparatus should be attached to the 
telescope. 

We have recently considerably extended the nebulosity 
about ¢ by giving longer exposures, and using a quicker lens. 
The connection with ¢ is now well marked, while the long 
nebulous streak extending southwards from £ is broadened 
and joins c upon the other side, connecting the sword handle 
with the belt. This extension is of much greater area than 
the other two nebulz combined. Its northern portion as far 
as 3° 30’ Sis fairly conspicuous, and makes an excellent test 
object, not of the instrument or the steadiness, but of the 
clearness of the air, and the blackness of the sky. Owing to 
the recent advances in stellar photography, this matter of 
sky illumination has assumed considerable importance, and 
it is very doubtful if any of the fainter nebulous extensions 
here described can be photographed at any Observatory lo- 
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cated in or neara large city. This is dueundoubtedly in part 
to the gas, but chiefly to the electric lights, which illuminate 
the slight haze found in the sky of nearly all localities with 
an almost inperceptible light, but which is nevertheless, very 
destructive to the fainter detail shown by our most sensitive 
plates when used with long exposures. The difficulty is an- 
alagous to the impossibility of photographing the solar 
corona without an eclipse, or of photographing the zodiacal 
light during an eclipse. 

An interesting structure brought out upon our plates isa 
large spiral nebula whose outer extremity starts in the 
vicinity of 7 Orionis. It passes about four degrees north of £ 
extends to thence to 3, then north to 7, with an outside 
stream lying nearly north and south, and preceding 7 about 
four degrees. Another stream lying nearly east and west 
precedes 7 about the same amount. This nebula is about 
seventeen degrees in length, by nearly the same breadth, and 
surrounds a cluster of bright stars including the belt and 
sword handle. and extending towards 7. The region con- 
taining the nebula is noticeably lacking in stars brighter 
than the eighth magnitude, but contains the very bright 
stars 7, and. Itis possible that a plate with double our 
present exposures, which we are soon going to try, will fill 
the space between 7 and 7, thus making the great nebula the 
inner termination of the spiral. This nebula is shown by 
three different exposures and is very distinctly marked. 

All the above described negatives were taken at our Cali- 
fornia station upon Wilson’s Peak (altitude 6250 feet). 
Those showing the nebulae were taken with a Voigtlander 
portrait lens of 2.6 inches aperture and 8.6 inches equiva- 
lent focus, with an exposure of three hours. Stars eleven to 
the twelfth magnitude are well shown. A more detailed ac- 
count of these observations with illustrations is in course of 
preparation, but will probably not appear in time to be of 
use to observers this year. 


Dr. Lewis Swift, director of the Warner Observatory, has 
discovered another comet. We regret to hear this. The 
market is overstocked with comets already and there is 
nothing in our tariff law to prevent their importation and 
thus bearing the market. How would it do to pension Dr. 
Swift and put him on the retired list.—Burlington Hawkeye. 
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ON THE STABILITY OF THE RINGS OF SATURN. 





PROFESSOR GEORGE W. COAKLEY. 
FoR THE MESSENGER. aoe 

It is now nearly three hundred years since Galileo caught 
the first imperfect view of the rings of Saturn; and more 
than two hundred years since Huyghens made out their 
complete character as thin broad circular rings surrounding 
the planet, but detached from him on all sides. The two 
old rings that thus date back at least some three hundred 
years, and probably very much longer, appear to be concen- 
tric with the planet and, with the exception of some partial 
divisions in them, they present apparently a continuous sur- 
face, like that of the planet itself. It was supposed at first, 
that they were solid bodies like the planet, in the shape of 
thin flat circular discs of nearly uniform dimensions on all 
sides, and suspended concentrically over the planet’s equator. 
They were also soon found to revolve about the planet as 
his satellites do, and in the same direction. 

Before the application of Newton’s law of gravitation to 
the motions of the heavenly bodies, no one knew any reason 
why these rings might, or might not, thus continue to re- 
volve about the planet for'all time, past or future. But La 
Place first in applying this law to the rings and the planet, 
found that if the rings were uniform, homogeneous solids, 
they could not forever revolve concentrically around the 
planet, except in the absence of all disturbing forces, which 
might tend in the slightest degree to separate their centers 
from that of the planet. He showed that they posessed an 
unstable equilibrium of revolution around the center of the 
planet, which might be maintained for any length of time, 
if there was nothing to disturb it; but that the attraction 
of one of the satellites, or of the sun, or of one of the other 
planets of the solar system, and especially of Jupiter at his 
nearest approach, would necessarily tend to separate the 
centers of the rings from that of Saturn. In this case, if the 
rings were homogeneous solids, of uniform dimensions in 
all their parts, La Place showed that the mutual attraction 
of Saturn and of the several parts of the ring would cause 
their centers to separate more and more, until the nearest 
portion of the ring should be precipitated violently upon the 
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body of the planet and the ring would necessarily be 
shattered by the collision. Moreover this catastrophe 
would take place in a very short time. As the separation 
of the centers would proceed with continually accelerated 
velocity, perhaps a month would be more than enough to 
ensure the destruction of the rings. But they have endured 
now for hundreds and very probably for thousands of years. 
Hence there must be some means of counteracting this de- 
structive effect of all the attractions to which the rings are 
subject, and of maintaining their stable equilibrium of mo- 
tion about the planet. LaPlace was still disposed to admit 
the solidity of the rings. But then, notwithstanding ap- 
pearances and measurements to the contrary, he denied that 
they could be uniform in dimensions, or in the density of 
theirseveral parts. He thought that, if the constitution in 
different parts were such that their centers of gravity were 
not at the center of Saturn, then these centers of gravity 
might continue to revolve around that of the planet, in the 
same manner as a satellite, and that the stability of equilib- 
rium of their motion might thus be preserved. This was, 
however, merely an opinion of LaPlace, but without any 
demonstration on this particular point. 

The subject remained in this condition until between forty 
and fifty years ago, when Mr. George P. Bond was examin- 
ing Saturn’s rings with the then new and great telescope 
of the Harvard Observatory. He saw new divisions and 
openings in the rings which led him to examine the records 
of older astronomers, to see if they had made similar ob- 
servations. He found in the observations of European and 
other astronomers of the preceding half century and later, 
many records of the markings and changes which he had 
himself observed, such as temporary divisions in certain 
parts of the rings, and of their subsequently closing up. 
From ail these observations, including his own, Mr. Bond 
came to the conclusion that the rings must be of a liquid 
nature. Moreover, when he compared the mass of the rings 
as determined by Bessel, with their volume, as obtained from 
observation, he found that their density was nearly that of 
water. 

This confirmed him in the view that they were probably 
of a liquid nature. LaPlace also had previously determined 
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the mean density of the rings to be 1.3 times the density of 
Saturn. Professor Newcomb gives the mean density of 
Saturn, compared with water, as 0.75; hence LaPlace’s de- 
termination will make the density of the rings, compared 
with water, 0.9712, or only 21% per cent less than the density 
of water. In this way Mr. George Bond could account for 
the temporary openings and closings of certain parts of the 
rings by the freedom of motion of its several parts under 
the stress of the varying attractions to which it was sub- 
jected by the planet Saturn,.and the satellites, and other 
bodies of the solar system. But this was not all that Mr. 
Bond did. LaPlace had left his opinion, without demon- 
stration, that the stability of equilibrium of the rings might 
be maintained if they were irregular solids. But Mr. George 
Bond showed that no solid ring could be maintained in 
stable equilibrium. 

On this part of the subject, Professor Newcomb in his Pop- 
ular Astronomy, has the following statement : 

‘‘The question was next taken up in this country by Pro- 
fessors Pierce and Bond. The latter started from the sup- 
posed result of observations—that new divisions show 
themselves from time to time in the ring, and then close up 
again. He thence inferred that the rings must be fluid, and 
to confirm this view, he showed the impossibility of even an 
irregular solid pair of rings fulfilling all the necessary con- 
ditions of stability and freedom of motion. Professor Pierce 
taking up the same subject froni a mathematical point of 
view, found that no conceivable form of irregular solid ring 
would be in a state of stable equilibrium; he therefore 
adopted Bond’s view that the rings were fluid. Following 
up the investigation, he found that even a fluid ring would 
not be entirely stable without some external support, and 
he attributed that support to the attractions of the satel- 
lites. But as LaPlace did not demonstrate that irregularities 
would make the ring stable, so Pierce merely fell back upon 
the attraction of the satellites as a forlorn hope, but did not 
demonstrate that the fluid ring would really be stable under 
the influence of their attraction. Indeed now it seems very 
doubtful,’ says Professor Newcomb, ‘‘ whether this attrac- 
tion would have the effect supposed by Pierce.” 

Professor Newcomb makes the following additional state- 
ment: 
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‘“The next, and, we may say, the last important step was 
taken by Professor J. Clerk Maxwell, of England, in the 
Adams prize essay for 1856. He brought forward objec- 
tions, which seem unanswerable, against the solid and fluid 
ring, and revived a theory by Cassini about the beginning of 
last century. This astronomer considered the ring to be 
formed by a cloud of satellites too small to be separately 
seen in the telescope, and too close together to admit of the 
intervals between them being visible. This,’’ says Professor 
Newcomb, ‘is the view of the constitution of the rings of 
Saturn now generally adopted.”’ 

It is to re-examine this question, and to see if there is not 
still good reason to maintain the view of Mr. George P. 
Bond, in preference to that of Cassini and of Professor Max- 
well, that this paper has been prepared. 

In the first place, it will be readily granted that, if the fluid 
ring be obliged to preserve an invariable form, it will be in 
no better condition, as to a stable equilibrium, than the 
solid ring, which it is agreed that Mr. Bond, Professor Pierce 
and Professor Maxwell have all proved to be in unstable 
equilibrium 

If Professors Pierce and Maxwell have tacitly assumed an 
invariable form for the fluid ring; or if, with Mr. Bond also, 
they have failed to find an adequate cause for any required 
change in its form, so that its equilibrium may be restored 
to stability, this fact will account for their want of success 
in establishing the condition of equilibrium of the rings. 

In the present paper it is hoped that this important link in 
the chain of evidence for the ring’s stability will be supplied. 

Sir John Herschel, in his Outlines of Astronomy, gives the 
micrometric measures of the several parts of Saturn’s two 
older rings, which were made by Struve, and reduced to the 
planet’s mean distance from the sun. They are as follows: 

Exterior diameter of exterior ring 40’.095 
Interior diameter of exterior ring 35.289 
Exterior diameter of interior ring 34.475 
Interior diameter of interior ring 26 .668 
Interval between planet and interior ring 339 
DEPREE WOU PPE OEE THE DINOS 5 ssc osaceccacesccsvancocctsscecsvenses 0 .408 


Thickness of the rings, not exceeding 250 miles, which is 
equivalent to 0.00666 of Saturn’s equatorial radius. 








M 
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The thickness of the rings Herschell concluded from their 
total disappearance in his telescope in 1833, while that tele- 
scope would distinctly show a line one-twentieth of a second 
of arc in breadth. Hence the thickness was less than 0”.05. 

Professor Newcomb, in his Table of Elements, on page 
528 of his Popular Astronomy, gives the angular diameter 
of Saturn at distance unity, or at the earth’s mean distance 
from the sun, equal to 162’.8. Hence, at Saturn’s mean 
distance from the sun, his equatorial diameter would be 
182 2 = 17”.067136. Therefore Saturn’s equatorial radius, 
at his mean distance, is 8.5336. 

If, therefore, we take Saturn’s equatorial radius as the 
unit to measure the distances from his center to the several 
parts of the two older rings, as well as the distances of his 
satellites, we shall find the following results: 








Distance to outside of exterior ring............. 2.355 
Distance to inside of exterior ring..... 2,068 
ERPCECIERE GE CRUCEIOE TUTE sana a ccncccvensasdccousecencncnchestsacanaass 0.287 
Distance to outside of interior ring...............csccsssseeesee+e 22020 
Distance to inside of interior ring...............cccccsscsssconssees 1.563 
BEGETS OF TRE EIOR SIE iss sinsiesctcevacnscvctascneaescusucersoseenes 0.457 
Interval between planet and interior ring..............eeeee 0.059 
Bester vail Wet Weeeen EG Fitts ssscsccs cccecacecénccccesicedsrenctcsascui 0.048 
Thickness of the rings not greater than................cssecee 0.00666 


Professor Newcomb gives a table of distances of Saturn’s 
Satellites in terms of his equatorial radius as a unit, which 
agrees to the nearest tenth of a unit, in all but two of the 
satellites, with a similar table given by Sir John Herschel. 
Professor Newcomb’s table, which will here be adopted, is as 
follows : 


1st Satellite, Mimas, distance from Saturn 





2d - Enceladus, ‘ “ 

3d . Tethys, 

ath 3“ Dione, S 

sen Rhea, 

Gin “* Titan, ee 

awe * Hyperion, ‘ a9 
Sth “ Japetus, ne - ‘ 


The effect of Saturn’s sixth and largest satellite, Titan, in 
removing the center of the exterior ring from the center of 
the planet, may be determined by the same kind of compu- 
tation as that by which the tides in the waters of the earth 
are produced. This is done by taking account of the differ- 
ence of attraction which the moon exerts on the earth as a 
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whole, at its center, and on the waters nearest the moon 
and farthest from her. For it is evident that the satellite, 
Titan, will attract the part of the ring nearest to him more 
strongly than he will attract Saturn's mass condensed at 
the planet’s center; and that he will attract the more dis- 
tant part of the ring less strongly than he will attract Sat- 
urn’s mass. Hence the difference of attraction by the satel- 
lite, with regard to Saturn and the two opposite parts of 
the ring, will be entirely similar to the action of the moon in 
producing our tides. 

In order to determine the nature of these effects, it will not 
be necessary, perhaps, to develop, in an entirely rigorous 
form, the whole mathematical theory of the tides; but only 
to recall a few points in the simplest form of this theory. 

Taking the earth’s equatorial radius as the unit of dis- 
tance, the moon’s distance from the earth’s center may be 
stated as 60. Its distance from the waters nearest the 
moon will then be 59; and from the waters farthest from 
the moon, in the opposite hemisphere, the distance will be 
ol. 

If m = the moon’s mass, her accelerative attraction on 
the earth as a whole is the same as though the earth’s mass 


was all condensed into its center, and will be expressed by 
m ; , 
60°" The moon’s attraction on the waters nearest to her 


: m P 
will be expressed by 59)? and her attraction on the waters 
Ve 


‘ m vo 
furthest from her by 1p" Hence the waters directly un- 
) 
der the moon, and nearest to her are drawn away from the 
earth’s center by the moon’s disturbing force f, 
m m 119m 7 m 
a — a — — — os ; Or, 7, — rr - 
(59)° (60) (59)* x (60)- 105308 

This force tends to diminish the gravitation 


of the water 
nearest the moon towards the earth’s center, and to 
cause it to swell upwards towards the moon, and away 
from the earth’s center, or to raise a high tide directly under 
the moon. 

But the difference of the moon’s attraction on the earth, 
and on the waters farthest from her, in the opposite hemi- 
sphere, is 

f= m 121m m 


2 (60)? (61)? (60)? x (61)? «110707 
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This force, £, tends to draw the earth’s center away from 
the most distant waters, or it is equivalent to driving these 
waters away from the earth’s center, and so tends to raise 
another high tide in this opposite hemisphere. 

To obtain the entire momentary effect of the moon in 
tending to produce these high tides in the opposite hemi- 
spheres of the earth, it would be necessary to take account 
of the sum total of such disturbing forces in each hemisphere 
caused by the action of the moon on the earth and on each 
particle of water wherever situated in the two hemispheres. 
But, as many of these forces in each hemisphere are nearly 
equal to those we have expressed by f and f, and as they 
gradually approach to equality in proportion as we recede 
from the points nearest the moon, and most distant from 
her, it is natural to suppose that at least a certain rough 
approximation to the ratio of all those forces in the one 
hemisphere to those in the other, will be obtained by taking 
the ratio of the single forces, f and f. This ratio is 

f, 110707 
f, 105308 

It follows from this entirely arithmetical computation that 
the moon’s disturbing force on the waters nearest to her, is 
about five per cent greater than that which she exerts on the 
waters most distant from her in the opposite hemisphere. 
By taking the actual summation of the greater portion of 


= 3:0512. 


these forces in the two hemispheres, in a manner that will be 
subsequently given in this paper, I find that the excess of the 
moon’s action on the waters supposed to cover the whole of 
the nearer hemisphere, over her action on the waters sup- 
posed to cover in like manner the more remote hemisphere, is 
about two per cent of the whole action on the nearest hemi- 
sphere. The consequence is that the moon ought to raise a 
tide in the hemisphere immediately under her about two per 
cent higher than inthe opposite hemisphere at the same time. 
The average lunar tide in the open ocean, at great distances 
from the continents, near any small island, has been ascer- 
tained not to exceed about two feet. Two per cent of this 
height is only forty-eight hundredths of an inch, less than 
half an inch. It is not surprising then that this small differ- 
ence is not generally recognized. Yet it exists, and a further 
consequence of it is that the earth’s center of gravity is 
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thereby slightly removed towards the moon, because of the 
greater bulk of water drawn towards our satellite. 

The sun also affects the tides in our oceans, in the same 
manner as the moon does; but, owing to his much greater 
distance, or to his much smaller difference of distance from 
the earth’s center and from its two opposite hemispheres, 
compared with his whole distance, his greatest tidal distur- 
bance of the oceans is not more than half that produced by 
the moon; and the difference of his action in the two hemi- 
spheres is very much smallerthan that before noticed, though 
it is of the same kind. Let us next examine the disturbing 
action of the sun on the exterior ring of Saturn, arising from 
the difference of his attraction on the planet, and on the two 
halves of the ring situated on opposite sides of Saturn with 
reference to the sun. 

Saturn’s mean distance from the sun,in terms of the great- 
est radius of the exterior ring, taken as the unit, is about 
10285. Hence the sun’s distances from the nearest and most 
remote points of that ring are 10284, and 10286. 

If therefore f and f, are now the disturbing actions of the 
sun, in reference to these parts of the ring and Saturn’s cen- 
ter, and if 1J= the sun’s mass, it follows that 


,-_™ M _ 20569 M 
' (10284)? (10285)° (10284)? (10285)? 
f-_M_ _ M__ 20571 M 
>“ (10285) (10286)* (10285)? (10286) 
f, 20569 10286) 2 
ence ] =; ‘ = 1.00025 
Hence f,~ 20571 x 10284 1.00029 


Hence the sun tends to draw the nearest point of the ex- 
terior ring away from Saturn’s center by a certain small 
disturbing force, and to draw away Saturn’s center from the 
farthest point of the ring, or apparently to drive this part of 
the ring away from Saturn’s center, by another small dis- 
turbing force. But the former force exceeds the latter by less 
than three hundredths of one per cent of the former. By 
taking the sum total of all the principal disturbing forces of 
the sun on the two opposite parts of the ring,I find the ratio 


to be f = 1.000115, or about one hundredth of one per cent 


more on the nearer, than on the more remote half of the 
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ring. The tendency of the sun’s disturbing forces is therefore 
to draw the center of this ring very slightly away from Sat- 
urn’s center toward the sun. At the same time, if the ring 
be liquid, this action of the sun will tend to produce high 
tides in the portions of the ring nearest to, and farthest 
from the sun. But the former tide will exceed the latter by 
about the same one hundredth part of one per cent of the 
nearest tide. 

The action of the sun on the inner ring will be of the same 
kind but smaller in amount, because the difference of dis- 
tance, upon which it depends, is smaller. 

Let us next examine the disturbance of the exterior ring 
by the planet Jupiter when nearest Saturn. The nearest 
mean distance of Jupiter from Saturn, in terms of the great- 
est radius of the exterior ring, is about 4675. Hence, if m 
= Jupiter’s mass, and f and f, are respectively the disturb- 
ing actions of Jupiter on the nearest and farthest points of 
the ring, it will follow that, 

f = m m z 9349m 
1 (4674)? (4675)? ~ (4674)? x (4675)? 

m m 9351m 

(4675)? (4676)? (4675)* x (4676)? 


f, 9349 — (46 
; 


and f, = 


x 


1" — 1,008. 
‘f, 9351 ~ (4674) ~ ici 


But if we take the sum of all the principal disturbing 
forces of Jupiter on the two opposite halves of the ring, 
nearest to him, and farthest from him, then the above ratio 
will become 1.00025. Hence Jupiter’s action on the nearest 
half of the ring exceeds that on the opposite half, by about 
one fortieth part of one per cent of the former, when nearest 
to Saturn. By this amount Jupiter tends to draw away the 
center of the ring from that of Saturn; and by the same 
amount he tends to produce a greater tide in the nearest 
half of the ring then in its opposite, provided the ring be 
fluid. 

It is unnecessary to take account of the actions of the 
other planets on the rings, since their action is very much 
less than that of Jupiter, but necessarily of a similar 
nature. 


TO BE CONTINUED. 
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ON THE DETERMINATION OF THE BRIGHTNESS OF STARS BY 
MEANS. OF PHOTOGRAPHY .* 


EDWARD S. HOLDEN. 


Dr. Charlier, assistant in the Observatory at Stockholm, 
has prepared a memoirt on the use of photography in 
determinations of the brightness of stars, which has been 
published by the Astronomical Society of Germany, and 
dedicated to the Pulkowa Observatory, on the occasion of 
the fiftieth anniversary of its foundation, August 19, 1889. 

The subject treated is so new and soimportant that it will 
not be out of place to give a brief review of Dr. Charlier’s 
excellent treatise here and to add some general considera- 
tions on the same question. The importance of this subject 
will be obvious, when we consider that within the next 
decade we may expect to have at least two sets of photo- 
graphic maps, covering the whole sky from pole to pole, and 
including millions of stars down to the fourteenth magni- 
tude. 

Besides these systematic maps, hundreds of charts of 
special regions will be made. Each star on each of these 
maps will have impressed its image on a negative plate as a 
disc of measurable size. Hence the magnitude of each and 
every star can be determined, if necessary, and when the 
catalogue of the stars to the eleventh magnitude, also pro- 
posed by the Congress, is constructed, the magnitude of each 
one of these two million stars must be given. 

There are two imperative questions tobe settled before the 
principles on which this great work is to be done can be con- 
sidered to be established. The first and more special ques- 
tion is, What is the relation between the diameter of the 
photographic image of a star (d) the aperture and focus of 
the telescope employed (a, f) and the exposure time (t), and 
what is the relation between the (photographic) brightness 
of astar and the diameter of its image? Having satisfac- 
torily determined the relations just named, the second and 
more general question presents itself, namely: On what fun- 
damental principles ought the photographic magnitudes of 
the stars to be assigned ? 


* Notes prepared by the staff of Lick Observatory. 

+ Ueber die Anwendung der Sternphotographie zu Helligkeitsmessungen der 
Sterne, von C. V. L. Charlier. Publication der Astronomischen Gesellschaft, X1X. 
Leipzig, 1889, 4to, (pp. viii, 31). 
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These two questions are not treated separately in the 
work before us. Its second paragraph states the problem of 
the photographic photometry of stars as follows: It is “to 
determine the function which gives the relation between the 
size of the photographic image and the photographic bright- 
ness of the star, and to determine the constant quantities 
in this function in such a manner that the resulting photo- 
graphic brilliancies shall correspond accurately throughout 
with the brilliancies determined visually.”’ 

In my judgment, this is by no means the problem of stellar 
photographic photometry. It is impossible, in general, to 
fulfil that portion of the above statement which I have 
printed in italics. The difference between the photographic 
and the photometric magnitudes of Aldebaran, for example, 
is more than one and one-half magnitudes, and so with 
other stars. We may leave this part of the question for the 
moment, and proceed to give a brief analysis of Dr. 
Charlier’s memoir, laying stress principally on the novel 
portions of his work. 

The observations which he discusses were made with a 
photographic lens by Steinheil of 3.19 inches aperture and 
39.37 inches focus ( f = 13). The plates took in an area of 
twenty square degrees. The images were satisfactory over 
a field of about three degrees in diameter. Stars to eighth 
magnitude, inclusive, left trails. The plates employed were 
made in Lyons, by Lumiére. Four plates are discussed. All 
were exposed on the Pleiades, as follows: No. 2, t = 13m; 


No. 4, t = 2h; No. 24,t = 1h 30m; No. 26, t = 3h. The 
plates were exposed at very different altitudes, and no ac- 
count is taken of absorption of light by the atmosphere. 

Dr. Charlier finds two defects in the plates; first, bright 
rings round the larger stars, which he proves to be due to 
reflections from the back of the plate (the well-known hala- 
tion images) ; and, again, false stars. He finds no less than 
fifty-six such false stars on his plate No. 26. They were 
probably due to defects in the manufacture of the plate itself. 

As subjects for experiments he chose the Pleiades, because 
their photometric magnitudes are accurately determined 
and also because they afford a variety of magnitude within 
a comparatively small area. 

Although he does not expressly mention the fact, the 
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Pleiades have the special advantage for his purpose of being 
all of the same spectral type. A region containing many 
very red or many very blue stars would have given a corres- 
ponding number of anomalous results, which are avoided 
by choosing a group of stars of one type. The diameter of 
each star on each of the four plates was measured. Calling 
H the brightness of a star, and m its magnitude and 0.4 the 
light ratio, Dr. Charlier starts with the formula 
fap. xs ce os = OAS 
That is, he assumes that the brightness of a first magnitude 
star (m= 1) is 0.4. It is better to write this formula, I 
think, 
iy nt ws ss Ee = Oar —2 
which for m = 1 gives H, = 1. Assuming the equation (1), 
however, and further assuming that when d is zero, H must 
be zero, he finds 
(3) ....... m=a—bDilogd 
Here it may be remarked that, in fact, H is not necesarily 
zero for d = 0, because all stars below a certain brightness 
will fail to produce an image on the plate, no matter how 
long the exposure may be—for any practical exposure 
time. The brightness of a star must be above a certain 
finite limit in order to produce any impression at all. The 
assumption is sufficiently accurate, however, for the purpose 
in hand. The relation between exposure-time and diameter 
of star image is next determined from a series of exposures 
on Polaris, assuming the form 
ia) bon 6 2 o Cee 
That is, that the diameter of the star-image varies as the 
kts power of the time. From Polaris (two plates) the 
ralues of k are 0.243 and 0.249; from a star Sth mag. k re- 
sults 0.243,—hence, the numerical value of the diameter of 
the star-image varies as the fourth root of the time or 
MC ctk se, +d Smee ‘lt 
This formula shows that the diameter d will be doubled 
when the exposure t is increased sixteen-fold. 

If there are no limits to the formula it also shows that, 
for the telescope and plates employed, an exposure of one- 
sixteenth second would give a preceptible image. Without 
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considering the question of the range of sensitiveness of 
plates I may state it as my opinion that the formule of Dr. 
Charlier and those of Professor Schaeberle (Publ. Ast. Soc. 
Pacific, No. 4) can (at present) be applied safely only to 
over-exposed stars, and that there is a superior limit also 
beyond which they are no longer applicable. Both Dr. 
Charlier and Professor Schaeberle have found that the stars 
with the longest exposure are best fitted for the determina- 
tion of magnitude. 

We may now quote, without further remark, the final for- 
mula to which Dr. Charlier is led, which gives the relation 
between m (star’s magnitude), d (diameter of star-image on 
plate), and t (exposure time). It is 
(6)... .m=A+Blogd+Clogt 
In the particular plates in question the constants A, Band 
C are 

A=+17.2 .: C= + 1.69 


A, B and C are proved to be constant on the four plates in 
question; t is expressed in minutes. 

From the formula (6) the photographic magnitudes of 52 
of the brighter stars in the Pleiades werecomputed and com- 
pared with the photometric magnitudes of the same stars as 
determined by Dr. Lindemann, at Pulkowa. (Table III.) 

The mean difference between the photographie and photo- 
metric magnitudes is + 0.22 mag. The differences occur 0.6 
mag. (twice), 0.5 (twice), 0.4 (four times), 0.3 (twelve 
times), 0.2 (twelve times), 0.1 (ten times), 0.0 (seven times). 
Two stars are either variable or red. The individual results 
for the photographic magnitudes from the four plates agree 
well. The mean difference is 0.10 mag. The largest differ- 
ence is 0.4 (occurring twice). 

Dr. Charlier makes the important remark that the red 
stars, etc., which are thus discovered in the group of the 
Pleiades, are very suitable for a determination of its paral- 
lax, since they differ in spectral type, and are therefore pre- 
sumably not members of the group. A few moments’ exam- 
ination with a small spectroscope will, however, be a surer 
indication in similar cases. 

Section III of the memoir is devoted to a comparison of 
the results of the Stockholm photographs with those ob- 
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tained by Professor Pickering, at Harvard College, and by 
Dr. Scheiner, at Potsdam. The linear formula deduced by 
the latter is shown to be inferior to the logarithmic form 
adopted by Dr. Charlier; and in Table IX it is shown that 
the systematic differences between the results at Harvard 
College and at Stockholm are likely to be due to constant 
errors in the H. C. O. results. In all this discussion, as has 
been said, the effect of atmospheric absorption is omitted, 
as it has been in all previous publications of the kind. It is 
of considerable amount, however. 

Section IV of the memoir is chiefly concerned with a com- 
parison between the photometric magnitudes given by Wolf, 
of Paris, for 571 of the Pleiades stars and the photographic 
magnitudes of the same stars derived from one plate (only) 
taken at Stockholm. Twenty-eight of Wolf’s stars do not 
appear on this plate; en revanche, it contains more than 
100 stars not in Wolf’s catalogue. In passing, we may re- 
mark that the single Stockholm plate made in three hours 
has a value at least comparable with the chart of M. Wolf, 
which was the result of many months of labor. It is worth 
while to remark here that it is highly desirable for the 
present to make every result derived by photography depend 
on two negatives at the very least. A comparison of the 
scales of Wolf and Charlier closes this section and concludes 
the important work. 

We may now say that the present memoir and that of 
Professor Schaeberle, previously cited, have fixed the form 
under which discussions of this character must be made in 
future. For every telescope a relation between the diameter 
of a star image and the corresponding exposure must be de- 
duced in the form d = ¢ (log t). 

The constants of this formula will vary with the aperture, 
focus, plate, site, and with the spectral type of the star, and 
will probably be applicable only within certain limits of ab- 
solute brightness and within certain limits of exposure time. 

The memoir of M. Charlier is an excellent example of the 
method of discussion which must be adopted to determine 
this function for all cases where the prime object is to make 
the photographic magnitudes harmonize as nearly as possi- 
ble with the photometric. The real fundamental question is, 
however, Should any endeavor be made to harmonize them? 
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I proceed to discuss this point as briefly as possible, in the 
light of our present knowledge, since it is the most impor- 
tant question remaining open for settlement. 


Establishment of the Present System of Visual Magnitudes. 

Let us consider, very briefly, the history of the introduc- 
tion of the present system of visual magnitudes. The main 
epochs in this history are very few. The first is that of 
Ptolemy (A. D. 150,) who arbitrarily assumed the brightest 
stars to be of the first, the faintest which he could see, to be 
of the sixth magnitude. The other stars were divided into 
classes of 2d, 3d, 4th, Sth, etc., magnitudes. The second 
great event in this history is the publication of the Urano- 
metria Nova by Argelander, in 1843. He adopted the gen- 
eral rules laiddown by Ptolemy, and followed by Sufi, Tycho 
and Bayer. The brightest stars were called first magnitude, 
the faintest visible to the naked eye were called sixth mag- 
nitude. Stars of the classes 2, 3, 4, 5, etc., were interme- 
diate. By Fechner’s law, it necessarily followed that equal 
differences of sensation corresponded to equal ratios of 
light; or that the light of a star of mt” magnitude must be 
; th part of the light of a star one magnitude brighter 
(m—1). Measures of this light ratio > show its numerical 
value to be 0.4 very nearly, omitting all questions of small 
variations, etc. 

The Durchmusterungen of Argelander, Krueger, Schoen- 
feld and Thome will determine the visual magnitude of every 
star in both hemispheres as bright as the tenth magnitude 
by this same scale. That is, if the brightness of a star of 
the first magnitude is unity, the brightness of a star of the 
m” magnitude is 
CEb ct ee ce oe ep were 6 0.4. 

The universal practice of modern observers has extended this 
scale from the tenth down to the sixteenth or seventeenth 
magnitude (the faintest stars now visible in the largest tele- 
scopes). Thus the accidental choice of the sixth magnitude 
as the limit of the naked-eye stars by Ptolemy has fixed the 
light-ratio and the practice of all astronomers with regard 
to visual magnitudes for all time to come. It is to be noted 
that if Ptolemy’s work on visual magnitudes were to be 
done again de novo, and absolutely independently, the 
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method chosen would be essentially the following: One 
standard star would be chosen (Polaris in our hemisphere). 
This star would be compared with a selected group of stars, 
and the fact of the constancy (or the law of the variation) 
of its light during the course of the observations would be 
established. Every other star would be compared with 
Polaris, either directly or indirectly, and its relative light de- 
termined. Some convenient magnitude would be arbitrarily 
assigned to Polaris, and some convenient, light-ratio would 
be arbitrarily assumed. The magnitude of any and every 
star would then be deduced from the measured ratio of its 
brightness to that of Polaris by a formula like our (7) in 
which the numerical value of } would be assigned on grounds 
of convenience alone. It is very likely that the value ¢= 0.4 
would be again chosen because the tenth part of a magni- 
tude (easily written with one place of decimals), thus de- 
fined, is about the limit of the reception of the most highly 
trained human eye. 

Such, I conceive, would be the process adopted if the whole 
question of visual magnitudes was entirely open, and if a 
Congress of Astronomers were called in 1890 to decide on 
the proper methods to be followed in fixing the visual mag- 
nitudes of the stars anew or for the first time. The process 
is simple; it is complete: it is logical; it is sufficiently ac- 
curate for all conceivable uses to which visual magnitudes 
are to be put. The use of a visual magnitude assigned to a 
star is chiefly to determine its brightness at one epoch, so 
that observations at other epochs will determine whether 
there have or have not been changes in its light. It is from 
celestial bodies which are subject to change, and chiefly from 
these, that we can hope to learn anything of the nature of 
celestial bodies in general. A secondary convenience in hav- 
ing a magnitude assigned to a star is to aid in identifying, 
classifying and describing it. 


Establishment of a System for Determining Photographic 
Magnitudes. 


The International Congress of Astronomers will have to 
decide the question as to how to define the photographic 
magnitude of a star. They will soon be in possession of 
plates on which millions and millions of stars have im- 
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pressed themselves. The diameter of each one of these stars 
can be measured. The photographic brightness of each one 
of these stars relative to the photographic brightness of 
Polaris (for example) can be readily determined. What 
magnitude shall be assigned to one of these stars? Dr. 
Charlier’s answer to this question has already been given. 
He would assign to each one of a group of stars a photo- 
graphic magnitude, deduced on the principle that the mean 
deviation of their photographic magnitudes from their vis- 
ual magnitudes should be as small as possible. If the same 
star occurs in two or more different groups, it will certainly 
have different magnitudes assigned to it, according as one or 
the other set of standards is employed. The same method 
has been followed by Mr. Espin and by the Harvard College 
Observatory in all of its many important publications on 
this question, notwithstanding the fact that (owing to the 
color of a star) the photographic and visual magnitudes not 
infrequently differ by at least two whole magnitudes. That 
is, if the visual brightness be expressed by 1.00, the photo- 
graphic brightness of the same star may be no more than 
0.16, or only one-sixth part. Such anomalies must, in the 
nature of things, constantly appear for a considerable per- 
centage of the stars. A tolerable agreement is possible for 
perhaps eighty per cent of the larger stars, and even here 
there will be small persistent differences. For those remain- 
ing, the disagreement will be more or less marked, according 
as the spectral type of the star in question varies more or 
less from the average type. The reason of this is well 
known, The eye is sensitive to rays which fall between the 
Fraunhofer lines B and G (approximately) of the solar spec- 
trum. The maximum brilliancy to the eye is somewhere 
near the line b. The photographic plate is sensitive to rays 
falling between F and N of the solar spectrum (approxi- 
mately). The plates now in use are sensitive in the highest 
degree to rays of about the wave length of the line G. 
Whenever we have a group of say 500 stars, whose 
spectra are nearly all of the same type (as the Pleiades, 
for example,) we can measure for each star the relative en- 
ergy of the light in the portion of its spectrum between B 
and G (by the eye), in that between F and N (by the photo- 
graphic plate), and, as the energy is distributed according to 
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the same law in the spectrum of each star of the group, we 
can determine constants of reduction which wi/] make the 
photographic magnitudes of the various stars agree well 
with their visual magnitudes. If, however, two hundred of 
the stars are very red, one hundred very blue, and two hun- 
dred of the ordinary type, it is, in the nature of things, im- 
possible to bring the photographie and the visual magni- 
tudes to a good agreement. The very red stars will always 
appear brighterto the eye than they do on the plate, and the 
very blue stars will always appear fainter to the eye than 
on the plate, and there is no process of reduction which will 
smooth away a difference in their magnitudes which is in- 
herent in their nature. If there were such a process, it 
would be most unwise to employ it. When I see that a star 
is of the visual magnitude 1 and the photographic magni- 
tude 2.5, I at once learn something of the nature of this 
star’s spectrum, and so in like cases. 

It therefore seems to be a rational and useful plan to leave 
out all consideration of the visual magnitude of stars in 
determining their photographic magnitudes. A simple and 
most satisfactory method of procedure would be to assume 
Polaris as the standard star of the whole sky, and to fix its 
magnitude (when in the zenith of a station at sea level) at 
2.00, once for all; to select a set of secondary standards, 
distributed around the equator, and to determine the 
brightness of each one of these stars in terms of that of Po- 
laris (a proof of the constancy of the light of Polaris being 
thus attained). Important groups like the Pleiades, etc., 
would also have their brightness determined in terms of 
that of the standard. The brightness of the principal South- 
ern stars should also be fixed in terms of Polaris indirectly 
through the Pleiades, ete. A light ratio should be selected 
on grounds of convenience alone and the photographic mag- 
nitude of every star should be determined by an equation 
like our equation (7) in terms of a single standard star 
with a definite light ratio. 

If this program were to be followed, we should simply 
have to add to our star catalogues another column headed 
‘*Photographic Magnitude, ’’? which would immediately fol- 
low the column ‘ Visual Magnitude.’ The agreement or 
disagreement of the two numbers would tell us something of 
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the nature of the spectrum of each star. In order to 
have the work exact, it would be necessary that all the 
stars should be photographed on one kind of plates, as is 
now done by the Harvard College Observatory, and as will 
be done by the International Photographic Congress. The 
photographic Southern Durchmusterung might for conven- 
ience have its magnitudes expressed in visual units, though 
the DM of the Cordoba Observatory will make this un- 
necessary, and will, in fact, make it distinctly to the advan- 
tage of science if the photographic DM is made entirely 
photographic. The International map of two million stars 
to the eleventh magnitude should, in my judgment, give 
photographic magnitudes alone. I can conceive of no ad- 
vantage to be gained by determining the approximate 
visual magnitudes of these millions of stars at all compar- 
able with the labor involved. In any event, it would seem 
that the photographic magnitudes should be given whether 
the visual magnitudes are or are not. 

Such, it appears to me, are the general principles which 
should govern in the determination of star magnitudes by 
photography. I have set them forth because no amount of 
discussion at this stage can be called superfluous. After the 
International Congress has once settled its methods of pro- 
cedure, it will be the duty of all co6perating Observatories to 
conform to the spirit and to the letter of the methods finally 
adopted. As long as they are not yet adopted any sugges- 
tions, however simple, cannot fail to be of use. 

The Lick Observatory is endeavoring to make a modest 
contribution to the general subject of which we have spoken. 
Professor Schaeberle has made observationsat Mount Ham- 
ilton (4209 feet above sea), and will make observations at 
Cayenne, South America, (nearly at sea level), to determine 
the photographic atmospheric absorption at zenith dis- 
tances between 0° and 70° or 75°. He has already com- 
pared the Pleiades and other stars with Polaris, and will 
compare the principal southern stars with the Pleiades, etc. 
In this way, his observations, if successful, will enable us to 
transfer the standards of the Northern Hemisphere into the 
Southern. 

The immense work now in progress in both hemispheres 
under the auspices of the Harvard College Observatory will 
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afford material for a thorough discussion of the whole sub- 
ject. The contributions of Dr. Charlier and Professor Schae- 
berle have established the final form under which special 
discussions of this kind must be made. The only part of the 
subject remaining for settlement is that which relates to the 
= | establishment of the fundamental principles on which the 
ip ; final methods of reductions are to be based. I have endeav- 
ig ored, in what precedes, to set forth what seems to me to be 
a satisfactory system, at once simple and comprehensive.— 
From advance sheets of Publications of the Astronomical 
Society of the Pacifi. 
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WILLIAM HUGGINS, D.C. L., LL. D., F. R.S. 


It has been long known that the solar spectrum stops 
abruptly, but not quite suddenly, at the ultra-violet end, 
and much sooner than the spectra of many terrestrial 
sources of light. The observations of Cornu, of Hartley, 
and, quite recently, of Liveing and Dewar, appear to show 
that the definite absorption to which the very rapid extinc- 
tion of the solar spectrum is due, has its seat in the earth’s 
atmosphere, and not in that of the sun; and that, conse- 
quently, all ex-terrestrial light should be cut off at the same 
place in the spectrum. 

During several years I have attempted to obtain the limit 
in the ultra-violet for stellar light here, but as it was neces- 
sary to make use of a bright star at a high altitude, and at 
a time when the atmosphere was very clear, it was not un- 
til September 20th, 1888, that I was able to obtain a result 
which seemed to me to be satisfactory. 

On that night three successive photographs of Vega,+ with 
increasing exposures, were taken on the same plate. The 
first spectrum was exposed for 10 minutes, the second for 20 
minutes, and the third spectrum nearly four times as long, 
namely, for 70 minutes. 

A comparison of the extent of the second spectrum due to 
an exposure of 20 minutes with that of the third spec- 
~~ * Read before the Royal Astronomical Society. 


+ We are sorry that our engraver is unable to reproduce the fine engraving 
that should acompany this articlc.—Ep 
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trum, to which an exposure of 70 minutes was given, leaves 
no doubt that the latter spectrum has reached the limit im- 
posed by atmospheric absorption, and has not stopped in 
consequence of: an insufficient exposure of the plate. 

The original plate has been enlarged about four times; 
and a spectrum of magnesium and calcium, taken with the 
same apparatus, and enlarged simultaneously with the 
plate of stellar spectra, has been placed above to serve as a 
scale. 

As the spectra are prismatic it is not possible to indicate 
the wave-lengths in a scale of equal parts. A short scale 
only is placed over the spectrum where the light of Vega 
ends. 

The spectroscope with which the spectra were taken is 
furnished with a prism of Iceland spar and lenses of rock 
crystal, and a mirror of speculum metal was used to con- 
dense the light of Vega upon the slit. 

It will be seen that at my Observatory” the light of Vega 
at about 4 3000 is abruptly weakened, and then continues 
as a very faint line to the point of apparent extinction at 
A 2970. 

Numerous solar spectra taken here during the last four 
years with the same spectroscope show an average abrupt 
weakening at about 4 3000, and an apparent total extinc- 
tion at about 4 2985. 

On two occasions only the very faint weakened spectrum 
could be traced as far as 4 2970. 

The abrupt narrowing of the spectrum at the end towards 
the red is produced by the rapid falling off of sensitiveness 
of the silver bromide for light of increasing wave-length. 

The increase of breadth of the spectra with increase of 
duration of exposure is due to the same causes, optical and 
photographic, which produce the increase of diameter of 
stellar disks on the photographic plate with longer ex- 
posures, when a reflector is used. At A the breadths of the 
spectra, having 20 minutes and 70 minutes exposure respec- 
tively, are 0.06 inch and 0.105 inch. 

* Elevation of the Observatory 177 feet above mean sea level. Barometer 
eke ep cla peed ewe nota reese + not as yet accurately de- 
fined. Bond found that the diameter of star-disks varied nearly as the square root 
of the time of exposure. Pritchard, using a reflector, found a law near the fourth 
root; and Mr. H. H. Turner has recently found a law very near the cube root for 


plates taken with a photoheliograph object glass (‘Astron. Soc. Month. Not.,’ vol 
49, p. 292). 
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if In 1879 Cornu* made cagilianeie on the limit of the spec- 
f trum with reference to the altitude of the place of observa- 
tion. On the Riffelberg, at an elevation of 8414 feet, the ‘ 
Liat spectrum reached to 4 2932, while at the lower elevation of 
i Viége, 2163 feet, the spectrum stopped at 2954. He con- 
Ae cludes that the absorption is due to the gaseous constitu- 
ae ents, and not to aqueous vapor in the atmosphere. 


In 1881+ Heartley stated that an amount of ozone pro- 
portional to the average quantity in a vertical column of 
the atmosphere, caused an absorption similar to that ob- 
served in the solar spectrum, namely, terminating about 
if 4 2950. 

Quite recently Liveing -and Dewar have made some im- 
portant experiments on the absorption-spectrum of large 
masses of oxygen under pressure.t They state that with a 
tube 165 cm. long and a pressure of 85 atmos., oxygen ap- 
peared to be quite transparent for violet and ultra-violet 
rays up to about 4 2745. From that point the light gradu- 
ally diminished, and beyond 4 2664 appeared to be wholly 
absorbed. 

In some later experiments with a steel tube 18 metres long 
and a pressure of 90 atmos., oxygen produced complete ab- 
sorption above P, 7. e., 4 3359.2. 

M. Janssen, from his observations on the Alps, concludes 
that both the bands which follow the law of the square of 
the density, and the dark lines obeying a different law of in- 
formation, which are due to oxygen in the solar spectrum, 
are produced exclusively by the earth’s atmosphere—“ L’at- 
mosphére solaire n’intervient pas dans le phénoméne.’’$ 
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THE ASTRONOMICAL SOCIETY OF THE PACIFIC—A HANDSOME 
GIFT. 


A meeting of the Astronomical Society of the Pacific was 
held November 30, at the hall of the Academy of Sciences, 
corner of Dupont and California streets. In the absence of 
President E. S. Holden, William M. Pierson occupied the 
chair. Every seat in the large hall was occupied. The fol- 
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* “Sur l’Absorption Atmospherique des Radiations Ultra-violettes,’’ ‘Journ. de 
Physique,’ vol. 10, 1881. 
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‘On the Absorption Spectrum of Ozone, and on the a. of — rays 






by Atmospheric Ozene,’’ ‘Chem. Soc. Journ.,’ vol. 39, 1881, pp. 111-1 
¢ ‘ Chemical News,’ vol 58, p. 163, and ‘Phil. Mag..,’ September, 1888, pp. 
286—290. 


§ ‘Comptes Rendus,’ vol. 107, p. 677. 
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lowing named candidates were elected members of the 
society : 

O. C. Hastings; Charles M. Bakewell; Warren Olney ; Frank James; Dr. 
J. H.C. Bonte: Hon. Horace Davis; William G. Raymond; James R. Rem- 
berton; Augustus F. Knudson; C. D. Perrine; F. B. Rodolf; Miss Agnes 
Clerke, of London, England; Garrett P. Serviss, Brooklyn, N. Y.; Miss C. 
W. Bruce, N. Y. City; John Gamble; Charles S. Aikin; Charles F. Hart; J. 
J. Herr; Whitney Herr; John H. Yoell; N. E. Beckwith; J. E. Richards; 
Irving M. Scott; Warren B. E. West; Martha McColeman Ewer. 

The principal paper of the evening was read by E. E. Bar- 
nard, Lick Observatory, on some photographs of the Milky- 
Way and other celestial objects, that he had made witha 
large potrait lens of six inches aperture and thirty-one 
inches focus, strapped to the tube of the six and one-half inch 
equatorial of the Lick Observatory, the clock-work of the in- 
strument being controlled by hand, with the slow motion 
rods at the eye-end. A star was kept bisected by the cross 
wires in a high power eye-piece on the telescope itself. The 
additional weight of the camera made it necessary constant- 
ly to correct the clock throughout the exposures. With this 
instrument a negative of the Pleiades was made August 23, 
of this year, with an exposure of 1h 15m. This showed the 
Merope nebula conspicuously, the sharp prong of nebu- 
losity from Electra, and some of the nebulosity about Maia 
and Alcyone. A negative of the Milky-Way (right ascen- 
sion, 17h 57m, declination south 18°.9), was made July 28, 
with an exposure of 2h 35m; another in the region about 
M 11 0n August 2, with exposure 2h 45m, and another of 
the Milky-Way (right ascension 17h 56m, declination, 
south 28°), August 1, with an exposure of 3h 7m, and a 
negative of the great nebula of Andromeda, August 26, with 
4h 18m exposure. The paper was illustrated by lantern 
slides from these plates projected on a large screen by the 
aid of oxy-hydrogen light. The nebulosity of the Pleiades 
was very conspicuous, and the beautiful cloud forms of the 
Milky-Way, with the myriads of stars that they were partly 
resolved into were strikingly fine. The slide of the great 
nebula of Andromeda, when first projected on the screen, had 
a mask over it, with a small hole, representing (to scale) the 
largest field of the great telescope on Mount Hamilton. 
This was moved about over the slide showing successive 
fields of view, upon and around the great nebula, indicating 
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what could be seen at once in the great telescope; the mask 
was then suddenly removed and the entire nebula, sus- 
pended amidst countless stars, flashed into view. The con- 
trast between the limited space representing the field of the 
great telescope and the sky as shown by the photographic 
lens was astonishing in the extreme. This slide shows the 
great rings of nebulosity that were first proved to exist by 
Mr. Roberts, of England. By carefully counting areas, Mr. 
Barnard estimated that on the original plate (8 x 10 inches) 
there were distinctly visible no less than sixty-four thousand 
stars. This entire plate had been reduced to a lantern slide 
which, upon the screen, brought out peculiarities in the 
arrangements of the stars that were not even suspected in 
the original plate. On all these plates the star images were 
perfectly round. 

Mr. A. O. Leuschner also read a paper on the orbit of 
Swift’s comet which he had computed from observations by 
Mr. Barnard at the Lick Observatory Nov. 20, 21, and 22. 
He called attention to the small inclination, and to the 
small perihelion distance which were suggestive of period- 
icity. 

Elements of the comet of Swift (Nov. 16, 1889) by A. O. 
Leuschner : 

T = 1889 Dec. 11.8493 


Q = 306° 25’ 

w= 196 24 

i 6 47 
log q = 0.0633 
q = 1.1568 

o—'¢ 

dicos § = + 1’.2 
of = 0’.0 


A paper was read by Mr. A. O. Leuschner ‘“‘ On the Deter- 
mination of the Relation between the Exposure Time and 
the Consequent Blackening of the Photographic Film.” 
This paper dealt with the investigation of a plate upon 
which a number of standard squares had been impressed 
with the standard lamp of the Lick Observatory. These 
squares had been given exposures of 1s, 2s, 4s, 8s,. . . 128s. 
These squares were then compared with each other and with 
a standard square by means of the wheel photometer of the 
Lick Observatory. Every precaution was taken to eliminate 
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errors of observation in the comparisons. An extended 
series of observations showed that the density was propor- 
tional to the time only between the exposures from 2s to 8s, 
and with an approximation up to 64s; beyond this the 
density was not proportional to the time. Mr. Leuschner 
also found that squares of the same exposure time on differ- 
ent parts of the same plate were not equal in density, due, 
doubtless to the unequal distribution of the emulsion on the 
plate, and therefore the above results were derived from 
comparisons with the deduced mean of four squares in each 
case. 

After the papers were read, the chairman surprised the so- 
ciety by stating an offer from one of the members, Alexander 
Montgomery, Esq., of a present of $2,500. The donation 
may be used by the society for any purpose, and it has been 
suggested that it be used for establishing a gold medal to be 
given annually for the best paper on astronomy to be read 
before the society. Mr. Montgomery was accorded the 
hearty thanks of the society. 

Including the members elected at this meeting, the society 
has now 171 active and life members. Its financial con- 
dition is also very satisfactory. 





NEWS FROM THE NEBUL. 
PROFESSOR C. A. YOUNG. 


On looking over an article on the nebulze which I wrote 
for the Boston Journal of Chemistry in 1873, I find nothing 
to change, although there is now something to add. In the 
first place, several hundred new nebulz have been discovered 
within the sixteen years, so that the total number known is 
at present well above 8,000. The new ones are, of course, 
for the most part, extremely faint, and some of the most in- 
teresting of them are quite invisible, even in the largest tele- 
scopes,—i. e., the eye cannot detect them: but they impress 
themselves upon the photographic plate, and so come to our 
knowledge. For instance, within a small area of about ten 
square degrees, in and near the constellation of Orion, Pro- 
fessor Pickering has found upon his star-plates twelve new 
nebulz, where eighteen were catalogued before; and in the 
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cluster of the Pleiades, where a single faint nebula was 
known in 1873, the photographs show wisps of nebula at- 
tached to nearly all the larger stars, with a considerable 
number of smaller nebule that are isolated. 

When one Jooks through a telescope, very little is gained 
by prolonging the gaze, but upon the photographic plate 
the action of light accumulates with the time. By merely 
lengthening the exposure (in some cases for several hours) 
an eight-inch glass can be made to bring out objects which 
the eye cannot reach even with an eighteen-inch instrument. 

The gain from photography is by no means only, or even 
chiefly, in the number of new objects; still more important 
are the new features which the photograph reveals in certain 
familiar objects which, after long study in the old-fashioned 
way, were supposed to be fairly known. 

The first photograph of a nebula was made by Dr. Henry 
Draper of New York, in September, 1880. His very first 
picture (of the nebula of Orion) was by no means poor: but 
he soon surpassed it, and in March, 1882 a few months 
before his untimely death, he produced one which is not 
much inferior to the best we now have. Within the last two 
or three years, Common and Roberts in England, and Von 
Gothard in Hungary, have specially distinguished them- 
selves in this line of work. The photographs of the nebula 
of Orion which Mr. Common has already made with his 
three foot reflector, are simply magnificent, and it is to be 
expected that with his new five-foot instrument, now just 
beginning its serious work, still more remarkable results 
will be attained. 

Mr. Roberts’ photograph of the nebula of Andromeda* is 
not only admirable as a picture, but it has brought out cer- 
tain new and most interesting facts, which throw a flood of 
light upon the structure and nature of the wonderful object. 
Years ago, Mr. Bond, of Cambridge, discovered in this 
nebula two narrow dark streaks, or ‘“lanes,’’ nearly 
straight and paralled to its length,—for the form of the 
nebula is that of an elongated and pretty regular oval, 
much brighter at the centre. In the new photograph, these 
‘“‘lanes’’ are seen to be merely the more conspicuous portions 
of two narrow, oval, dark streaks, or channels, which 
entirely surround the central mass, and irresistibly suggest 





* See frontispiece copied from ‘‘ Himmel und Erde.” 
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structure like that of Saturn encircled by his rings—an 
almost perfect exemplification of Laplace’s nebular hy- 
pothesis. One eminent astronomer, indeed, has gone so far 
as to suggest that the two small companion nebule, which 
lie one on each side of the main nebula and outside the lanes, 
are really two half-finished planets. It is worth noting 
that the photograph shows no trace of the “‘new star” 
which in 1885 so suddenly appeared in this nebula, near its 
nueleus, and then slowly faded away. The fact that the star 
is not visible upon the plate does not, however, demonstrate 
its absence; its invisibility may be due simply to the fact 
that the region of the nebula in which the star is situated is 
so bright, that the long exposure necessary to bring out the 
fainter details has greatly overdone this portion of the 
plate. 

One of the most serious objections to astronomical photog- 
raphy lies precisely here: the retina possesses a far greater 
range of sensibility than the plate. When we look at a neb- 
ula, we can see at the same time its brighter and its fainter 
regions, as well as the glittering stars which here and there 
are scattered through it. The highest beauty of the nebula 
of Orion, for instance, lies in the contrasts and gradations 
between the splendid stars of the ‘“‘trapezium,”’ the curdled 
clouds of greenish light which envelope them, and the im- 
pressive blackness of the “fish mouth.’’ In the best photo- 
graphs of this nebula, the stars are mere blotches, and the 
contrasted darkness of the telescopic background is replaced 
by a tangle of faint nebulous wisps, which, though in them- 
selves curious and interesting, none the less obscure and be- 
fog the familiar outlines. 

The photographs produced by Von Gothard (of Hereny in 
Hungary), about two years ago, have excited much inter- 
est, because they weré made with a silver-on-glass reflector 
of only ten inches aperture. Though the pictures are almost 
microscopic in size,—only a few millimetres in diameter,— 
they show many things that before had been clearly seen 
only with the largest telescopes; and they not only show 
them, but bring them out with increased emphasis and 
clearness. The so-called ‘‘ whirlpool nebula” is an example. 
The photograph does not exhibit,. to be sure, such a series 
of regular spirals, nor such a blaze of light, as the well- 
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known drawing of Lord Rosse (which, however, lays no 
claim to minute accuracy); but on the little photograph 
every real wisp of nebula appears in its true place, and there 
are numerous “knots,’’ not shown in the old drawing, 
where the nebulous matter seems to be gathering into 
globes, besides many streams of minute stars which stand in 
evident relation to neighboring filaments of the nebula. 
These stellar streams form a marked feature in nearly all the 
photographs of the more brilliant nebula. They appear to 
be formed by the collection of the nebulous matter into iso- 
lated masses that are denser and more luminous than the 
rest. Whether this view is correct or not, the star streams 
are certainly significant. 

Mr. Huggins’ recent photographs of the spectrum of the 
nebula of Orion indicate the same thing in a different way. 
In one of his observations the slit of the instrument was so 
adjusted that the image of one of the stars of the “‘ trapez- 
ium”’ fell upon it. As a result, the spectrum, as photo- 
graphed, showed several groups of bright lines, which cross 
the star-spectrum and extend out into the nebula-spectrum 
on each side. This is just what should happen if these 
“‘stars’’ in the nebula are balls of the nebulous matter con- 
densed to a certain degree, but not quite to the state of 
ordinary stars, which show no bright lines in their 
spectrum. 

As our readers doubtless remember, Mr. Huggins was the 
first to observe visually the spectrum of a nebula (in 1864), 
and the first to get a photographic impression of such a 
spectrum (in 1881). His latest observations have been 
visual as well as photographic, and have been made special- 
ly to test Mr. Lockyer’s attempted explanation of the origin 
of the principal bright lines in the nebula-spectrum. The 
brightest of these lines, when first discovered, was for a 
time, attributed to nitrogen; but it soon appeared that this 
identification is untenable. The principal lines of hydrogen 
are unquestionably present, but this bright green line, which 
is far more conspicuous than any of the others, has thus far 
remained a mystery. Very recently, Mr. Lockyer, in connec- 
tion with his ‘‘ meteoric hypothesis,’ (in which he attempts 
to explain most of the phenomena of the heavenly bodies 
by the assumption that they are all mere swarms of such 
meteoric stones as fall upon the earth now and then), has 
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maintained that this line in the spectrum of the nebula is 
simply the remnant of one of the bands in the spectrum of 
magnesium—a metal which is commonly found in aerolites. 
The elaborate investigation of Dr. and Mrs. Huggins, who 
worked together in the observations, is conclusive in prov- 
ing that this is an error; the mystery remains unsolved. 

We must not close our sketch of recent progress without 
referring to Professor Holden’s telescopic observations at 
the Lick Observatory. In the case of the numerous nebulez 
which are not, like the majority, mere oval balls of shining 
cloud, but are irregular in form, and composed of numerous 
filaments surrounded by an envelope of fainter light, he finds 
that the apparent shape of the filament which forms the 
core of the structure can be explained by supposing it to be 
in reality a sort of ‘“‘helicoid’’ or cork-screw spiral, seen 
under a special angle. A wire bent into such a helicoid, and 
looked at from different points of view, presents a great 
rariety of outlines, which very accurately represent the 
otherwise inexplicable forms of these irregular nebule. 

As is obvious from what has been said, the main conclu- 
sions which had been arrived at sixteen years ago are all 
confirmed. It is clearer than ever that the nebulz are not 
‘distant galaxies”’ far beyénd the stars. They are not clus- 
ters of full-sized stars, which appear nebulous only because 
of their inconceivable remoteness, but they are clouds, and 
their luminosity is due to shining gases, among which 
hydrogen is present, though the gas which furnishes the 
brightest light remains still unknown. Moreover, these 
clouds, whatever else they may contain besides the luminous 
gases, are somehow kindred to the stars, and associated 
with them in such a way as to suggest almost irresistibly 
that the nebula is the material out of which stars are made. 

The question of their permanence remains unsettled. It is 
altogether probable that processes are goingon within them 
which slowly alter their conditions, but time alone can 
determine the rate and nature of such changes; the evidence, 
as vet, is indecisive-—Popular Science News. 

PRINCETON, N. J., Oct. 31, 1889. 





SCIENCE AT THE EIFFEL TOWER. 







The great tower, 1,000 feet high, proves to have been one 
of the most successful features of the Paris Fxposition. The 
whole of the money paid out for its erection has been re- 
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turned to the share-holders, and the directors have in hand 
a clear surplus of about $300,000 after paying all the costs 
attending its exhibition. As a mere curiosity it will prob- 
ably pay current expenses for many years to come, and be a 
boon to the poor of the city, as one-tenth part of the re- 
ceipts are turned over to the poor fund. Now it is looming 
up as a valuable aid to scientific investigation, with a possi- 
bility that its contributions in that direction will compare 
favorably with its pecuniary success. A series of meteoro- 
logical observations, extended through a period of 101 
days, shows that the velocity of the wind averages fully 
three times as great at the top of the tower as at a station 
situated 1,650 feet away and 69 feet above the level of its 
base. No great storm occurred during the period of obser- 
vation, so that the maximum movement is not yet ascer- 
tained, but it is found that at the top there is alwaysa fairly 
strong breeze, the average daily velocity of which is 23 to 
33 feet per second. It may be inferred from this that the air 
at a great distance above the surface of the earth is continu- 
ally in rapid motion, and that the stillness often experienced 
lower down is due to friction of the air waves against land 
or water, which has always a retarding effect. The in- 
fluence of these superior movements in diffusing and dis- 
tributing noxious gases and vapors that have more gradu- 
ally ascended from the surface must be of inestimable value, 
as undoubtedly to it is due the comparative freedom of man 
from contagion in spite of his general disregard of sanitary 
conditions to an extent which would otherwise be suicidal. 
It is also legitimate to infer that this air movement is a pro- 
tection against injury from without by scattering and thus 
rendering innocuous the many masses of gaseous and me- 
teoric matter which the scientists tell us enter the earth’s 
atmosphere each year from the regions of inter-planetary 
space. 

The anemometer is far from being the only instrument 
that has been made to take observations at the top of the 
Eiffel Tower. Automatic registers of varying electrical in- 
tensity are already being compared, with the promise of val- 
uable results, and the spectroscope has told something of 
the difference inthe apparent quality of the solar light, 
which is caused by the passage through those atmospheric 
strata, that are laden with dust and water vapor taken up 
from the surface. It is probable that even more attention 
will be paid to these and kindred researches now that the 
rush of Exposition visitors is over, and it is not too much to 
hope that the consequence will be a material extension of 
our knowledge of the physics of our own globe, and perhaps 
of those of some other worlds.—Chicago Tribune (Dec. 18, 
1889). 
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CURRENT CELESTIAL PHENOMENA. 
THE PLANETS. 


Mercury will be at greatest elongation east from the sun, 18° 51’, on 
the evening of Jan. 13, setting then an hour and thirty-three minutes later 
than the sun. For a few days it will be visible to the naked eye after sun- 
set, near the southwest point of the horizon. There are no bright stars in 
that part of the sky, so that if, between 5 and 6 p. M. from Jan. 10 to 16, 
one sees a bright star near the southwest horizon he may be pretty sure 
that it is the planet Mercury. Later inthe month Mercury will recede to- 
wards the sun, coming to inferior conjunction Jan. 29, and toward the mid- 
dle of February will become visible in the morning. 

Venus is “ morning star,’’ but not in favorable position for observation. 
She is passing around the sun and will be at superior conjunction Feb. 18. 

Mars is coming into better position for morning observation. He 
passes, this month, out of the constellation Virgo into Libra, the Balance. 
Jan. 24 Mars will be 1° north of the bright star Alpha Libre, and a little 
later will be in line with Alpha and Beta between the two. Mars will be 
the brightest of the three objects and may also be distinguished by his 
ruddy color. Mars will be at quadrature, i. e. 90° from the sun, Feb. 9. 
He is approaching the earth rapidly, and at the coming opposition, June 4, 
will be nearer than he has been since 1879. Every opportunity should be 
utilized to study the “‘canals,” and this study should be begun as early as 
possible, in order to detect possible changes with the seasons of Mars. In 
the December number of L’ Astronomie Ferdinand Meisel, an astronomer at 
Hallie, attempts to explain the duplication of the canals as an optical phe- 
nomenon. He regards the canals as possibly actual wide water courses, 
over which transparent vapors accumulate in the form of cylindrical or 
semi-cylindrical lenses, refracting the rays which come to us, so that under 
certain conditions one, two, and even three separate images of the same 
canal may reach the earth. 

Jupiter will be in conjunction with the sun Jan. 9, so that no observa- 
tions can be obtained this month. At the last meeting of the Royal Astro- 
nomical Society considerable time was occupied in discussing observations 
of the dark shadow upon Jupiter at the time of its occultation by the moon 
Aug. 7 last. Opinion seemed to be about equally divided as to the cause of 
the shadow, some regarding it as the effect of contrast between the bright 
edge of the moon and the fainter light of Jupiter’s disk, others believing it 
to be due to the secondary spectrum fringe around the image of the moon. 
In this connection Mr. E. L. Trouvelot publishes in L’Astronomie for Decem- 
ber, 1889, an observation made by himself Aug. 6, 1876, of an occultation 
of Saturn by the moon, which, as he says, ‘‘does not in any way confirm 
the phenomenon of the dark vaporous line extending along the edge of the 
moon, noticed by several observers during the last occultation of Jupiter.” 

Saturn is moving slowly through Leo, which constellation may be seen 
in the east in the evening. Saturn is the bright yellow star with steady 
light just below the familiar group of the Sickle, quite near to the first 
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magnitude star Regulus. In the June, 1889, number of the Monthly Not- 
ices, page 427, Mr. A. Marth called attention to an occultation of the satel- 
lite Japetus by the rings and globe of Saturn, beginning Nov. 1, 9.44, and 
ending Nov. 2, 4.7h Greenwich mean time. In Ciel et Terre, Nov. 16, 1889, 
page 432, Dr. Terbe gives the following observations: 

“Equatorial of 8 inches by Grubb; magnifying power, 132. 

“Nov. 1, 3h 36m to 5h 03m A. M.; image bad, agitated. Japetus is per- 
fectly visible; I see also Titan, Rhea, and Dione; but I can not discover 
Tethys. 

“Nov. 2 the state of the sky prevented observation before 54 59m A. M.; 
from 5h 59m to 6h 24m sky splendid; image of irreproachable sharpness; 
I see constantly Titan, Rhea, Dione and Tethys; I cannot discern the least 
trace of Japetus. 

“Nov. 3, 4h 24m to 4h 33m a. M.; image bad; clouds interrupt further 
observations. I see Titan, Japetus, Rhea, Tethys and Dione; these last four 
satellites are very near to Saturn, Japetus and Rhea below the west ansa of 
the rings; Tethys and Dione near the point of the east ansa.”’ 


Uranus will be in quadrature with the sun Jan. 16, and is in favorable 
position for observation in the morning. He may be found in the constel- 
lation Virgo about half way between Spica and the fourth magnitude star 
Kappa. There are several stars of about the same brightness in the 
vicinity, but with a telescope Uranus may be distinguished from the stars 
by his disk and dull green color. 

Neptune may be observed during the whole night. He will be in con- 
junction with the moon Jan. 29, at noon. At 8 o'clock P. M., on that date, 
he will be about 4° or 8 diameters of the moon directly west of the latter. 

Planetoids. We have been requested to give occasionally the places of 
the brighter planetoids. We shall be glad to comply with the request. 
During the coming month none of the bright planetoids will be in position 
for observation. ; 

Sunspots have not been so numerous during the past three months as 
during the summer. On Dec. 20, however, two groups of spots and a large 
group of brilliant faculze were observed at Northfield. At the last meeting 
of the Royal Astronomical Society (Observatory Vol. XII, p. 425), Father 
Perry, of Stonyhurst College Observatory, England, read a ‘‘ Note on Solar 
Spots.” ‘He said he thought he might as well call attention to the spots 
in the southern hemisphere which had been observed a long way from the 
equator. They all knew that as the minimum of sunspots was coming 
on a certain number of spots showed themselves in high latitudes. At 
present the spots were entirely confined to the southern hemisphere, and 
at the end of last year one spot was seen in high southern latitudes, and 
they were at present increasing. 

‘On June 5th there was one in 29° south latitude. On 30 June there 
was a remarkable spot in 40° south latitude. They were seldom seen so 
jar from the equator as that. That spot was observed in America, and he 
dared say it was observed at Greenwich, but he had only heard of it being 
observed at Stonyhurst and in America. On Aug. 2d there was a group 
of spots and another on Sept. 7th, but they were not in very high latitude; 
they were only 21°.3 and 22°; on Oct. 8th 28%%°, and Oct. 10th 25°; so 
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that the number of spots was increasing in these high latitudes; and 
though he thought the minimum might not yet have arrived, because these 
spots generally showed themselves before the minimum, he thought they 
could not be far from it. The one at 40° was among the brightest on 
record. He did not think they could conclude that though those remark- 
able ones did follow the minimum there was such a variation in the period 
of eleven years that they could not be at all certain about the matter, but 
it seemed at present as if the spots were on the increase.” 

Mr. Maunder, of the Royal Observatory at Greenwich, confirmed 
Father Perry's observations of spots in high latitudes from the Greenwich 
daily photographs of the sun and said: ‘‘ The general run of the recent 
phenomena of sunspots has given me the decided impression that the 
minimum is already past. A fine group came on the sun on June 16 last, 
and re-appeared in the two following rotations. Then a fine group ap- 
peared on Aug. 3 in southern latitude 22°, and this also has been seen in 
the two following rotations. Comparing the general aspect of the sun 
with that of 1879, the indications it presents now are similar to those after 
the former minimum was definitely passed. It is true that if the minimum 
be already passed we have not had so flat a trough for the solar wave as in 
1878 and 1879, for we had then five months in which there were practical- 
ly no spots at all. But if we take the mean daily spotted area of the sun 
for the first half of this year, stopping short at what seems to have been 
the commencement of the revival (the appearance of the group on June 16) 
we shall find it smaller than at the minimum in 1888. In 1878 the mean 


daily spotted area was 24 millionths of the sun’s visible hemisphere; in 
1888, 89 millionths; but for the half year ending June 15, 1889, it was 
only 18 millionths.”’ 

Professor Dr. Spoerer; of Potsdam, also calls attention to the same 
subject in the Astronomische Nachrichten No. 2936. 


MERCURY. 


Decl. Rises. Transits. 
1889. = - h m 


m 

Jan. 25 5 —13 56 7 36 a.m. 12 43.6 P.M. 
Feb. 9 —16 04 Sa “ 11 19.7 a.m. 

.9 —18 10 547 “ 10 35.3 “ 

VENUS. 

Jan. 7 —21 00 7T14am. 11 49.8 a.m. 
Feb. .7 —18 08 co. * 12 02.2 p.m. 

: —14 24 Tar “ 12 126 -* 


MARS. 
Jan. 3 —14 31 1 223 a.m. 
Feb. .7 —16 02 109 *“ 

3 —17 22 1255 “ 


JUPITER. 

Jan. 0 —21 37 6 50 a.m. 
Feb. 7 —2113 Gis “ 
00 —20 48 546 “ 


SATURN. 

Jan. 6 +12 12 7 05 p.m. 
Feb. 9 +12 29 6 22 “ 
+12 47 538 “ 


> 
“B 


i$) Borer) 
wm © bo 
NN 


Cribs w 


» 
"B 


eS 
“orb 





The Sidereal Messenger. 





URANUS. 


Decl. 


— 945 
— 9 44 
— 942 


Rises. 
h m 


11 52 p.m. 


“cc 


11 13 
10 33 


“ 








NEPTUNE. 
54 
54 
55 


+18 
+18 
+18 


11 37 
10 58 


THE SUN. 


“ 


—18 
—16 
—12 


50 
04 
51 


“c 


16 
02 


é 
_ 
‘ 
nd “ 
‘é 


12 17 p.m. 


7 26 Aa.M. 


Transits. 
m 


17.1 a.m. 
37.7 
58.1 


7 39.0 P.M. 
6 59.4 
20.1 


“ 


sc 


12 
12 
12 


12.7 P.M. 
ma * 
14.4 


“ 





Occultations Visible at Washington. 
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Saturn’s Satellites. 


elongation; I = inferior conjunc- 


S = superior conjunction (south of planet.) 


Feb. 


Feb. 12 1.0 P.M. 


Feb.13 2.1 P.M. 


Feb. 8 10.8 p.m. 
11 4.4 P.M. 
14 10.1 a.m. 


Feb. 9 9.9 A.M. 


11 5.2 4.M. 
EO ja 
14 11. 


-0O A.M. 


8 





Current Celestial Phenomena. 





Phases of the Moon. 
Central Time. 

ad h mm 
New Moon .20 549 P.M. 
First Quarter 27 216 P.M. 
Full Moon . ‘eb. 4 14 
Last Quarter. 12 12 51 
Perigee ‘Jan. OO A. 
PRIOR sc escciccavacsduasdsecssaccsansdansianssen ‘eb. 2 8 00 


Periodic Comets to Return in 1890. Mr. W. T. Lynn in Knowledge, 
Dec. 2, 1889, p. 33, and Mr. W. E. Plummer in The Observatory, December, 
1889, p. 432, give brief notices of the periodic comets whose return to peri- 
helion is to be expected in 1890. There are four, possibly five of them, all 
telescopic and of short period, belonging to the Jupiter family of comets. 
Of these, two, Brorsen’s and D’Arrest’s, have been observed at several ap- 
paritions, but both escaped detection at the last return. The other three 
have been seen only at one apparition, so that their periods are somewhat 
doubtful. 


Barnard’s Comet 1884 II was discovered July 16, 1884, by E. E. Bar- 
nard, at Nashville, Tenn. The period assigned by Dr. Berberich is 5.36 
years, so that this comet should be now very near perihelion. The elements 
of its orbit bear a close resemblance to those of the lost De Vico comet, 
1844 I, and also to those of Finlay’s comet 1886 VII. They cannot be 
identical, but probably belong to a system of faint comets which escape ob- 
servation except when their perihelia are favorably situated with reference 
to the earth. 

Brorsen’s Comet was discovered at Kiel, Feb.26, 1846. Its period is 
very nearly five and one-half years,so that its apparitions occur alternately 
in the spring and autumn. It was seen in 1857, 1868, 1873, and 1879, but 
escaped observation in 1884. It is due at perihelion this year about Febru- 
ary 25, its course passing through the constellations Pisces, Andromeda, 
and Cassiopeia. It should not escape detection this time. In another 
place Mr. G. A. Hill gives a sweeping ephemeris which will aid observers in 
their search for the faint visitor. 

Mr. Plummer says: ‘The orbit is a very interesting one, for it ap- 
proaches very closely to that of Jupiter and at intervals of ninety-five 
years the comet encounters the planet, and a very decided change in the 
orbit ensues. This close approach last occurred in 1842 May, when the 
comet’s motion, which had been previously hyperbolic was changed into 


the elliptical form in which the comet now moves. In 1937 this proximity 


will again take place, when the orbit will probably resume its hyperbolic 
curve, and be lost to the solar system.” 

Coggia’s Comet, discovered Nov. 10, 1873, was thought, from the in- 
vestigation of Professor Weiss, to be identical with one detected Feb. 23, 
1818, by Pons, but, although the derived period is about five and one-half 
years, it has not been seen since 1873. If this period is correct the comet is 
due early in 1890. We have no ephemeris at hand. 
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Denning’s Comet 1881 V, discovered at Bristol Oct 4, 1881, has been 
thought to be identical with that discovered by Blanpain Nov. 28, 1819, 
for which Encke derived a period of 4.8 years. The most reliable orbit of 
Denning’s comet, however, gives a period of 8.6874 years. This period, 
computed by Dr. Boy Matthiesen (A. N. 121, p. 359), has a probable error 
of only four days, so that the comet should come to perihelion in May, 
1890, but with a theoretical brightness of only one-third that which it had 
when discovered in 1881. Also the comet in 1887 approached very near to 
Jupiter, so that its orbit may have suffered considerable perturbations, 
which must be calculated approximately before a sweeping ephemeris can 
be computed. 


D’Arrest’s Comet was discovered at Leipzig June 27, 1851; it has a per- 
iod of six and a half years and was seen in 1857, 1870 and 1877 but was 
not seen at its last return in the winter of 1883. According to Winnecke 
this is the faintest of the periodic comets, but its course this year will be 
similar to that which it followed in 1883, when it was a fairly conspicuous 
object in the telescope. This comet is due at perihelion about the third 
week in September. An accurate ephemeris will doubtless be soon pub- 
lished. Such ephemerides have hitherto been issued by M. Leveau, of 
Paris. 





Comets of 1887-8. 


Comet 1886 VIII Barnard, Jan. 23. 

Comet 1887 Thome, Jan. 18. 

Comet 1887 Brooks, Jan. 23. 

Comet 1887 Barnard, Feb. 16. 

Comet 1887 Barnard, May 12. 

Comet 1887 PBST Tecssecinscst Brooks, Aug. 24...Olbers’s. 


Comet 1888 Sawerthal, Feb, 18. 
Comet 1888 a scvesseesee encke’s Comet. 
Comet 1888 oe wesesseesee BYOOKS, Atty. 7: 
Comet 1888 Faye’s Comet. 
Comet 1888 Barnard, Oct. 30. 
Comet 1889 Barnard, Sept. 2. 


0. C. WENDELL. 
Harvard College Observatory, Dec. 6. 





The Return of Brorsen’s Comet. This comet is now almost due. In 
the Astronomische Nachrichten, No. 2220. Dr. Schulze, of Dobelu has 
made an extended investigation of the orbit of this comet, and from his 
elements for 1879, brought up to 1890, I have computed the following 
sweeping ephemeris. The period of the comet is becoming less, as will be 
seen by the following intervals as deduced frcm the five observed returns. 

1846, 2034.1 days. 
1857, 2022.7 days. 
1868, 2002.4 days. 
1873, 1999.4 days. 
1879, 1994.9 days. 

As the comet was missed in 1884 I have used 3929 days as the date of 
the next perihelion passage or twice that as shown by Dr. Schulze’s ele- 
ments for 1879, namely 1994.9 days. I then decreased the period by 12 
days and computed another ephemeris. The two will be found below. 
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These two values give as the dates of perihelion passage Feb. 17 and March 
1, 1890, respectively. Dr. Lamp, of Kiel, has an ephemeris for this comet 
in a late number of the Nachrichten. He has made the date of the next peri- 
helion passage on Feb. 24, 1890, which is intermediate to those selected by 
me. GEO, A.HILL. 

Naval Observatory, Washington, D. C., Dee. 19, 1889. 

Sweeping Ephemeris for Brorsen’s Comet. 

Perihelion Passage March 1,1890. Perihelion Passage Feb. 17, 1890. 
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Comet d 1889 (Brooks, July 6), was observed on six nights from Nov. 
14 to Nov. 26, by Professor Young and his assistant, Mr. Miller, with the 
23-inch equatorial, at Princeton. ‘“‘On Nov. 14 both observers saw the 
companion comet, about 5’ from the principal comet, at a position angle of 
between 50° and 60°. It was still better seen on the 15th by Mr. Miller 
but not quite well enough to admit of observation on the bars. The 
main comet was decidedly elongated by a short brush 1%’ in length 
directed nearly toward the companion.”’ The best elements of this comet 
are probably those given below, computed by Dr. O. Knopf, (A.N. No. 2936) 
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whence the period is 7.071 years. In Astronomical Journal, No. 204, Mr. S. 
C. Chandler has published very similar elements with a period of 7.039 
years. He calls attention to the very close approach of the comet to 
Jupiter in 1886 when for three months the distance between them did not 
exceed 0.100 of the earth’s distance from the sun. It is probable that the 
character of the orbit was radically changed in that time. 
ELEMENTS. 
T = 1889 Sept. 29.7436 Berlin m. v. 
w = 343°18’ 56.5” 
17 58 29.6 
6 3 59.6 
28 413.3 
= 501.8156 
7.071 years. 


> Mean Equinox 1889.0 


EPHEMERIS. 


logr log J L. 1889. } logr log Jg L. 
I 
0.3243 0.2752 0.6 Jan.27 23 + 10.8 
2s 25 221.9 0.3406 0.3472 0.4 
29 26 2 33.0 
30 28 2 2 44.0 
0.3269 0.2878 0.5 31 é y 2 55.0 
g 6.0 0.3485 
17.0 
3 27.9 
3002 


ole Cobhe 


AGL 


rl 


.3350 0.3242 


.3900 


1000 
Comet f 1889 (Swift, Nov. 17) was observed at Lick Observatory Nov. 
20, 21, 22, 25 and 26. 


New Comet g 1889 (Borrelly, Dec. 12). A telegram, Dec. 15, announces 
the discovery of a faint comet by Borrelly at Marseilles. Position, Dec. 
12.311 Gr. M. T., R. A. 18h 07m 00s; Decl. + 48° 53’; daily motion, + 1m 
12s; south 1°. Astronomical Journal, No. 207, has an observation by 
Barnard Dec. 15.6425 Gr. Mm. T., R. A. 184 0m 0.115s; Decl. + 45° 30’ 10”. 

The Hartford Fire-Ball. In the Hartford Courant of Dec. 12, 1889, an 
interesting, though somewhat indefinite, account is given of the fall of a 
fire-ball, the fragments of which seem to indicate that its origin was met- 
eoric. The fall was observed on Tuesday evening, Dec. 10, at 8h 15m, in 
the midst of Seyms street, opposite the residence of Mr. Charles B. Andrus. 
So far as now known it was only seen by a lad twelve years of age, who 
claims that he saw “‘a big ball of fire fall in the middle of the street.’’ By 
those who looked into the matter it is thought that the object came from 
the northwest quarter of the heavens, at an angle of elevation of thirty or 
forty degrees. At the place of its fall fragments were found, and the 
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ground for a foot and a half square was colored a greyish white shade by 
the fine ashes which apparently were thrust into the soil that formed a thin 
covering of a road made of crushed stone. There were no large fragments, 
and the appearance of those most carefully examined led to the belief that 
the object was a meteorite. 


Brilliant Meteor. December 17, at 4h 45m p.M., I witnessed a most 
remarkable meteoric flight. Pardon the full details as I wish the occurrence 
to be correctly stated for the purpose of comparison with other possible 
observations of the same object. I went to my Observatory to make some 
repairs and as I reached the front of it, and facing east the meteor 
flashed into view. As may be judged by the time it was still strong day- 
light, but so bright was the meteor that it attracted my attention imme- 
diately. It was fully as bright as Venus would appear in a dark sky, and 
at the most favorable position in her orbit for greatest brightness. What 

struck me most was‘the decided green color of the 
meteoric light. The color to me was intense. Follow- 
ing the meteor was four or five attendant but lesser 
objects, which seemed to be of an orange color. I 
give below a general view of the transit, and wish 
to call attention to the rays emanating eastward 
from the prim-ary, and which seemed remarkable on 
account of the strong sunlight present. 
The position of these rays, as above, is about as 
I saw them, and may indicate more than ordinary 
atmospheric appearances. Unfortunately the sky 
was not wholly free from clouds and haze, and the 
termination of the passage may be in error. I ex- 
tract from the notes the following positions to which 
I may add that they were obtained by the circles of 
the telescope after careful reference to the position of objects relative to 
the witnessed path: 


Apparition in 3 + 21° nearly. 


Extinction in 9 = 2 
Altitude by hour circle 15 


WILLIAM EDWARD WOOD, 
Washington, D.C. 


United States Scientific Expedition to West Africa. We have received 
Bulletins Nos. 3 and 5 of the United States Scientific Expedition to West 
Africa under the direction of Professor D. P. Todd, of Amherst College. 
These respectively relate to ‘“‘ Fish of the Congo Basin” and “ Bibliography 
of Ki-mbundu.”’ 

On Dec. 23 news came via London from St. Paul de Loando to the 
effect that numerous photographs of the eclipse were obtained by the 
American Expedition during the period of totality. It is reported that 
clouds gave some trouble, but the apparatus in use worked perfectly. The 
photographs made on the ship Pensacola which stood far out at sea are 
likely to be particularly useful. It is also reported that the English observ- 
ers at St. Paul de Loando obtained no good observations on account of 
bad weather. We hope for better reports later. 
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NEWS AND NOTES. 


We have found it dificult during the last two months to secure, within: 
easy reach, the quality of engraving desired for the illustration of some 
articles already in hand. After three unsuccessful trials by artists in St. 
Paul and Chicago, supposed by us to be among the best, we have deferred 
one biographical sketch until next month. We are still trying with hope of 
success. 


The beautiful frontispiece picture of the great nebula of Andromeda is a 
copy from the last issue of Himmel und Erde. It is presented at this time 
to accompany the article entitled ‘‘News from the Nebule,”’ by Professor 
Young and elsewhere given in this number. If the reader compares the cut 
given below, with the fine photograph by Roberts of England, of which our 
frontispiece is a close process copy he will find it difficult to believe that the 
two pictures represent the same object. This one gives the the appearance 


of the nebula as seen in Herschel's telescope and as pictured in some excel- 
lent text-books on astronomy now in use. The later drawing by Trouve- 
lot shows the two nearly parallel canals, so-called, observed by Mr. Bond at 
Cambridge, some years ago by the aid of the 15-inch refractor. We now 
know the shape and extent of these canals and the general features of this 
grand nebula, which is one of the late noble triumphs of celestial photog- 
raphy. But, surely, this is only the beginning of wonders, as we believe 
from that astonishing article by professor W. H. Pickering, the leader of 
this number. We supposed we knew something about old Orion, but 
his “‘ bands” are apparently infinitely more than those that Job saw. 


Wm. M. Pierson, vice-president of the Astronomical Society of the Paci- 
fic, has recently set up an 8'%-inch reflecting telescope in his private Obser- 
vatory in San Francisco. The instrument was made by J. A. Brashear, of 
Alleghany City, Pa., is equatorially mounted with driving clock and circles, 
and has proved very satisfactory to its owner. 
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Astronomical Society of the Pacific. By the kindness of Mr. Charles 
Burckhalter, secretary of the Astronomical Society of the Pacific, and of 
members of the staff of Lick Observatory, we are able to give the results of 
much valuable recent work for astronomy from the western coast. It is a 
great pleasure to us to notice the general interest in our science that has so 
quickly sprung up on the other side of the Rockies. But it is more wonder- 
ful still to know the kind of astronomical work this young society is doing. 
It is certainly work that matches well the best of its kind we know of. The 
officers have also done nobly, as we think, to enlist a general public interest 
in what they are doing, and the consequence is quick and generous aid, in 
the way of donations, as illustrated by Mr. Montgomery’s handsome gift 
of $2,500. The society is congratulated on its unusual success in so many 
ways. 





Annual Report of Harvard College Observatory. The forty-fourth an- 
nual report of the Director of the Astronomical Observatory, of Harvard 
College, was presented to the Visiting Committee Dec. 14, 1889. This 
report speaks of the death of Mr. J. I. Bowditch, an old and active friend of 
the Observatory, the Bruce gift of $50,000, the continued aid of Mrs. Dra- 
per and that of the Boyden Fund for the Peru expedition, which enables the 
Observatory to extend its important investigations to include the south- 
ern stars. A second expedition to Southern California furnishes the Ob- 
servatory a mountain station, under climatic conditions superior to those 
of the eastern portion of the United States. 

The east equatorial has been mainly used by Mr. Wendell, and it has 
six new eye-pieces and two square bar micrometers made of tinfoil mounted 
on glass by Professor Rogers. This instrument has been busy, evidently, 
from therange of work done by it. The Meridian Circle has been used in 
observing the southern zone, comprising the declination from — 9° 50’ 
to — 14°10’, by Professor Searleand Mr. Dunne. The total number of 
observations is 8565: 287 relating to circumpolar stars, 1,024 to funda- 
mental stars, 6889 to zone stars, and 365 to stars incidentally observed. 
Reductions of the Meridian Circle observations are being forwarded as 
rapldiy as the limited force of computers can do the work. The twelve-inch 
horizontal telescope has been used by Mr. G. E. Hale in an investigation of 
the solar spectrum. 

In the latter part of this report, fuller mention is found of the uses 
made of the Boyden fund, the Bruce Photographic Telescope, now in pro- 
cess of construction, which is to be 24-inches clear aperture, with focal 
length of eleven feet, and its contemplated work; the library, the time serv- 
ice, telegraphic announcements and publications for the year, all of which 
indicate an excellent showing for the work of this Observatory. 





Professor A. E. Haynes, Department of Mathematics and Astronomy, 
Hillsdale College, Michigan, some time ago called our attention to an 
observation of the Crater Ptolemais, made Dec. 10, 1888, at 8 o’clock P. 
M., Standard Central time. He saw a part of the bottom of the Crater 
Ptolemais lighted up by reflection from the lighted edge. He has not before 
nor since observed the same phenomenon. 
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Notes from the Advance Sheets of the Publications of the Astronomical So- 
ciety of the Pacific. 


Great Telescope for Los Angeles. Authentic information regarding the 
proposed forty-inch refractor for Wilson’s Peak is difficult to obtain. A 
newspaper report of an interview with Mr. A. G. Clark on September 28, 
recites that one of the discs (now on exhibition at Paris) probably arrived 
in Boston in October. The other disc is not yet cast, and M. Mantois 
is, apparently, not willing to undertake the work without a contract, 
which is not yet executed. The trustees of the Fund have, so it is said, 
authorized Mr. Clark to pay $10,000 for two satisfactory forty-inch discs, 
which is not an unreasonable price by any means. Mr. Clark offered to 
make the objective and the mounting for $100,000, during his visit to Cali- 
fornia in the winter of 1888-9. So far asis now known, the fund available 
for the telescope does not yet exceed $150,000. Probably $300,000 to 
$400,000 would build and equip the Observatory. B.S. 3. 


Force of Gravity at Mt. Hamilton and San Francisco. Mr. E. D. Pres- 
ton of the U. S. Coast and Geodetic Survey has published his report on 
gravity determinations in the Pacific Ocean (Bulletin No. 11, U. S. C. and 
G.S., 1889). The force of gravity at Washington being 1.000000, that at 
San Francisco (Professor Davidson's Observatory) is 0.999854 and at the 
Lick Observatory it is 0.999544. Determinations of g at four stations in 
the Hawaiian Islands and for a station at Caroline Island are also given. 

E. H. S. 


Rainfall on Mount Hamilton. Meteorological observations have been 
kept at Mount Hamilton since 1880. The following table of rainfall on the 
summit is the best available summary. This rainfall is considerably more 
than that in the Santa Clara Valley near San Jose (about 13.4 inches) and 
it is probably considerably less than the fall in some of the canyonsand val- 
leys immediately surrounding the mountain. The great variations in the 
annual amount of rainfall are interesting from a meteorological point of 
view, and decidedly inconvenient from a practical one, especially as our 
reservoir capacity is not quite adequate. Bo: 8..H. 


Rainfall at Mount Hamilton in the years 1880-89. 
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Stability of the Great Equatorial. Observations for the position of 
the great telescope have been made by Messrs. Schaeberle and Keeler, as 
below: 


1888, July 27, azimuth = + 36”; level = 8” too low. 
1889, May 18, “ =— «ss *¥ ~= 36" “ * 
Sept. 16, ae = ae 83” ia = 58” “ce “ec 
There appears to bea slight progressive change in level and probably 
in azimnth. I. 


Lick Observatory Photographs of the Moon. Knowledge for Oct. 1, 
1889, contains an article by the editor (Mr. Raynard), on the Moon as 
seen in the Lick Telescope. Excellent reproductions of five silver prints 
made by the Direct Photo-Engraving Company of London, accompany the 
article. Mr. Raynard’s remarks upon the temperature of the moon and 
upon the possibility of the existence of snow fields on its surface, are well 
worth close attention. E. H.S. 


Mountain Observatories. Telescopes . .. . ‘“‘cannot be formed so 
as to take away that confusion of rays which arises from the tremors of 
the atmosphere. The only remedy is a most serene and quiet air, such as 
may perhaps be found on the tops of the highest mountains above the 
grosser clouds. ’’—Sir Isaac NEWTON, in his Opticks, a. D. 1730. 





Latitude by the Zenith Telescope. Continental astronomers have lately 
employed the zenith telescope in determining latitudes at many stations. 
With other instruments arranged for this method the results have been so 
favorable, that Wauschaff, of Berlin, has constructed a zenith telescope 
whose accuracy is remarkable; the probable error of observation upon a 
pair of stars for one night being but + 0.15, (fifteen hundredths of a 
second) at the station Schucekoppe of the Geodetic Institute of Berlin. 
The observer was Professor Albrecht; the instrument has an objective of 
Jena glass of 2% inches in aperture, and two delicate levels for mutual 
control. T. H. S. 





Repairs at Ann Arbor. The dome of the Observatory at Ann Arbor 
was put up some thirty-five years ago and has received little attention 
since. It moves on five cannon balls, and, in the course of years, the rota- 
tion of the dome has become more and more difficult, until it is now prac- 
tically immovable. At their last meeting, the Regents of the University 
authorized its repair and the matter has been placed in the hands of War- 
ner and Swazey, of Cleveland, who will put in their superior running appa- 
ratus. The work will probably not be completed before the first of next 
April. The same manufacturers will also put their shutter on the dome. 

Annual Companion to the Observatory, 1890. This very useful public- 
ation for the year 1890 is promptly at hand. Although somewhat re-ar- 
ranged and abridged, it still contains everything of importance to be ex- 
pected in such a publication. The readers of THE MESSENGER who use in- 
formation of this kind can not do better than to secure a copy of the Com- 
panion to the Observatory for the year 1890. 














46 The Sidereal Messenger. 





The Fauth Meridian Circle of Cincinnati Observatory. I am glad to 
respond to your request for some notes concerning the work of this Ob- 
servatory, and especially with respect to the performance of the New Merid- 
jan Circle. The most satisfactory test of the excellence of an instrument is 
undoubtedly to be obtained from the discussion of an extended series of ob- 
servations made with it. For such a test of our Meridian Circle we have 
now abundant material, for since the instrument was set up in August, 
1888, over 3,000 observations have been taken. The greater part of these 
are of proper-motion stars, the re-determination of their movements, and the 
compilation of a catalogue of these interesting objects being the chief work 
upon which we are now engaged. The portion of this catalogue covering 
the first six hours of right ascension is already nearly completed. Before 
the remainder can be finished it will be necessary to await the appearance 
of the rest of the new Paris Catalogue, so that advantage may be taken of 
the many new cases of proper motion which the comparison of modern ob- 
servation with Lalande’s positions is sure to bring to light. 

Besides the class of work referred to, we have taken part in the observ- 
ations of the minor planets, Victoria and Sappho, and their comparison 
stars according to the programs published.by Dr. Gill.. Of the 42 stars in 
the first series, 186 observations were made, and 8 of the planet itself. Of 
the 43 stars in the second series, 244 observations were obtained, and 16 of 
the planet. Each star was observed in both positions of the circle, but a 
comparison of the results, west and east, shows no systematic differences 
either in right ascension ordeclination. The average probable error of a sin- 
gle observation as computed from the Victoria stars gave + 0.056s in right 
ascension, and + 0.58” in declination; but several nights were employed 
when the definition was far from good. During the fall months when the 
second series was observed the average definition was somewhat better, 
and the resulting probable errors show a decided improvement, being 
+ 0.050s and + 0.44” respectively. I may mention that only one observ- 
ation was rejected, and that was marked poor at the time. These val- 
ues will compare favorably with those obtained by instruments of similar 
size, but the principal danger to be feared is not the accidental errors of ob- 
servation so much as constant errors. If a star is always observed upon 
the same divisions of the circle, no matter how well the individual results 
agree, we can never be sure that we have the true declination. This danger 
can be avoided by shifting the circle at the end of each year and re-observ- 
ing the same stars upon different divisions. This plan has been adopted 
here, but as yet no evidences of any constant error have been detected. 

Another good test of the accuracy of the graduation is obtained from 
the agreement of the equator point as given ‘by the observation of funda- 
mental stars differing widely in declination. In our practice’six such stars 
are usually observed on each night, one or two being circumpolar stars. 
The average probable error of the equator point from a single star comes 
about half a second. Into this, of course, enters the uncertainty of the star 
positions and of the refraction, as well as the errors of graduation. The 
stability of the instrument and the ease with which it is manipulated are 
very satisfactory. On the whole Messrs. Fauth and Saegmueller are to be 
congratulated on the excellence of their workmanship. J. G. PORTER, 

Dec. 17, 1889. Director of Cincinnati Observatory. 





News and Notes. 4.7 





A Wonderful Nebulous Ring. In about the year 1865 while comet- 
seeking with a t\-inch telescope, I swept across an object which, from its 
size and peculiar appearance, I thought might be either a comet or, more 
likely, a glow from a cluster of bright stars closely adjoining it. Subse- 
quently, finding no motion, I settled upon the latter theory, but, observing 
it several times during succeeding years, I came to notice that the supposed 
glow was all on one side of the cluster, and became convinced that it was 
a nebula, probably a well known one. 

In 1880 I came into possession of Sir John Herschel’s General Catalogue 
of Nebula, and made immediate search for my mysterious find, of which 
there was no record. 

After my removal to Rochester I received a letter from Professor Bar- 
nard then of Nashville, Tenn., saying he had discovered a large nebula 
not in General Catalogue which he, at first, had mistaken for a comet. 

On exceedingly favorable occasion as to purity of the atmosphere, and 
before the erection of the electric street lights, I examined it with the 16- 
inch instrument of this Observatory, when I saw it as I have never since 
been able to do, even under conditions apparently as favorable. An im- 
perfect illusttation of its then appearance will be found on page 57, Vol. III 
of THE SIDEREAL MESSENGER, and on page 21 of “ History and Work of the 
Warner Observatory.” Although I have not since seen it as an ellipse with 
condensations at each focus, yet I have observed what I, at that time, 
failed to notice; viz., three knots of considerable extent north preceding the 
nebula, seemingly connected with each other not only, but also with the 
parent nebula. 

Thus the matter rested until Barnard informed me that, with the 12-inch 
glass of the Lick Observatory, he had discovered a nebulous ring entirely 
surrounding the cluster which I, myself, also saw at my visit to that ob- 
servatory, and found that my nebula, as also the three knots, formed 
part of the ring. 

Professor Barnard in Astronomische Nachrichten, No. 2918, has given 
an interesting account of his discovery, accompanied by a faithful illustra- 
tion of not only the cluster, but also of its inclosing ring, which, the Milky 
Way excepted, is the largest visible to us, its outer diameter being not less 
than 40’. In comparison, the ring nebula in Lyra is a pigmy. Mr. Barnard, 
in his drawing, shows the segment of another ring apparently attached to 
the principal one on the s. f side, and, judging from the visible portion, 
it, if continuous, must be nearly as large as the other. This I did not see. 

The cluster is H. 2. VII = G. C. 1420, and the nebula is N. G. C. 2237, 
R.A. 6A 24m 48s, Decl. + 5°8’, in the constellation Monoceros. As it will 
soon be favorably situated for observation, I shall hope that the distin- 
guished celestial photographer, Mr. Isaac Roberts, will be induced to pho- 
tograph it, as a change both in brightness and form is suspected. 


Warner Observatory, Rochester N. Y. LEWIS SWIFT. 
Dec. 20th, 1889. 





Large versus Small Telescopes—A Special Case. The following is an at- 
tempt to compar the 26-inch equatorial of the Leander McCormick Observ- 
atory with the 10-inch of the Haverford College Observatory, by means of 
the two series of double-star measures made at these observatories. Both 
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telescopes were made by the Clarks and are probably equal in optical 
perfection. The micrometer and driving clock of the McCormick instru- 
ment are excellent, while the Haverford ones are very indifferent. How- 
ever the Haverford series of measures have the advantage, in that they 
were made after the McCormick series. If we assume that, on an average, 
the atmospheric conditions were the same, we may consider that the two 
series of measures were made under pretty much the same circumstances. 

The observations considered were made by myself, the McCormick series 
in 1886, the Haverford series in 1888. The probable error of a single 
night’s observation was computed, only those stars being used which were 
observed at both places. The results are shown in the following table, 
where P represents the probable error in position angle, and D represents 
the probable error in distance. 


Mean Mean Magnify- 
of P of _ D Series. ing 
Distances. Distances, Power. 
1) 


aff 12:2 0”.07 1”.8 0°.5 0.12 M 850 
0 7 2 4 0 .06 is 1.0 0.08 H 375 

It was the custom to observe on a given night always the closest and 
most difficult stars that the definition would allow. The number of diffi- 
cult stars in a hundred measures will, therefore, furnish another means of 
comparison. On an average there were 20 measures in a hundred in the 
McCormick series, where the distance was between 1”’.0 and 0.5, and there 
were 5.7 measures where the distance was less than 0’.5. In the Haver- 
ford series the numbers were respectively 21 and 4.5. 

Again, in all the observations with the McCormick instrument the stars 
were invariably seen as easily separated, while in the Haverford telescope 
the most difficult ones could not be separated but merely elongated. 

F. P. LEAVENWORTH. 





Photographing the Corona without an Eclipse. From a brief account, in 
the December Observatory, of experiments by Dr. Huggins, of England, it 
seems that astronomers may yet hope to photograph the corona without 
the aid of an eclipse. This most delicate work needs the best conditions of 
atmosphere possible, which the climate of England very rarely furnishes. 
Still Dr. Huggins, after waiting for years for a favorable opportunity, has 
realized some promise of success. The clear atmosphere of Athens is to be 
tried in the hope of a speedy solution of this most interesting problem of 
solar physics. At Captain Darwin's suggestion, Rev. A. J. Perry and Mr. 
Taylor were to try, during the eclipse of Dec. 21, to learn how long after 
totality the moon could be seen against the corona. The Lick party ob- 
tained a good photograph in this way Jan. 1, 1889. 


Chamberlin Observatory. By kindness of Mr. George N. Saegmuller, 
successors to Messrs. Fauth and Company, Washington, D. C., we have 
nad the privilege of examining the drzwings and specifications for the 
mounting of the new 20-inch refractor for the Chamberlin Observatory at 
Denver, Colorado. This work seems to combine all the latest and best im- 
provements known to modern astronomy, and the appearance now is that 
Professor Howe will have the satisfaction of using one of the finest tele- 
scopes of which this country or any other can boast. Attention is called 
to Mr. Saegmuller’s new advertisement. 

Errata. On page 405, Vol. VIII, line 10,from the top, 1887 should be 
1888. 
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ASTRONOMICAL DOMES 


BUILT ON THE HOUGH SYSTEM 





Possess the following advantages 
over all others: 

Minimum weight of rotating parts. 

Ease of rotation and lateral stability at- 
tained by the use of adjustable stationary 
anti-friction wheels. 

An opening continuous from horizon to zen- 
ith. 

A shutter that closes weather-tight, will not 

8 bind, and can be quickly and easily operated. 
ibe i Simplicity of construction, durability and 
CM cheapness. 

Ma a tt i The anti-friction wheels and shutter can be 
thy ih B ie applied to existing oes with slight altera- 
Hl i tions and small expense. 

A Dome built on the new method may be seen at the Dearborn Observatory, 


Northwestern University, Evanston, Ills. _ 
For further particulars and estimates of cost address, 


WM. SCHERZER, C.E., 


509 Home Insurance Building, Chicago, Ills. 





ASTRONOMICAL 


THLESCOPHES, 


EQUATORIAL MOUNTINGS, 
With and Without Circles. 
DRIVING CLOCKS, 

ACHROMATIC OBJECTIVES IN CELLS, 
NEGATIVE AND POSITIVE EYE-PIECES. 
DIAGONAL PRISMS. 

HELIOSCOPES, SPECTROSCOPES, 
MICROMETERS, ASTRONOMICAL CLOCKS, 
CHRONOGRAPHS, 


TRANSIT INSTRUMENTS. 
PHILADELPHIA: 


JAMES W. QUEEN & CO., 


No. 924 Chestnut Street. 


Ze SEND FOR CATALOGUE. 
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TO MONTANA, 
OREGON ano 
WASHINGTON. 


If you are going west bear in mind the following facts: 


The Norther Pacifie Railroa 


Owns and operates 987 miles, or 57 per cent of the entire railroad mileage 
of Montana; spans the Territory with its main line from 
east to west; is the 


SHORT LINE T2 (ONTANA, 


The Only Pullman and Dining Car Line to Butte, 








and is the only line that reaches Miles City, Billings, Bozeman, Missoula, 
the Yellowstone National Park and, in fact, nine-tenths of the cities and 
points of interest in the Territory. 


THE NORTHERN PACIFIC 


Owns and operates 621 miles, or 56 per cent of the railroad mileage of 
Washington, its main line extending from the Idaho line via 
Spokane Falls, Cheney, Sprague, Yakima and Ellensburg, 


Threugh the Center of the Territery 


to Tacoma and Seattle, and from Tacoma to Portland. No other trans- 
continental through rail line reaches any portion of Washington Territory 
Ten Days Stop-Over Privileges are given on Northern Pacific second 

class tickets at Spokane Falls and all 
points west, thus affording intending settlers an excellent opportuniy to 
see the entire Territory without incurring the expense of paying local fares 
from point to point. 
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THE NORTHERN 
PACIFIC 
RAILROAD. 


Cp — | S—— pw 


THE SHORTEST ROUTE 


oS — F ROM —pwe 


St. Paul »n Tacoma 


by 207 miles; to Seattle by 177 miles, and to Portland by 324 miles—time 
correspondingly shorter, varying from one to two days, according to des- 
tination. No otherjline$from St. Paul or Minneapolis runs through pas- 
senger cars of any kind into Idaho, Oregon or Washington. 





In addition to being the only rail line to ‘Spokane Falls, Tacoma and 
Seattle, the Northern Pacific reaches all the principal points in Northern 
Minnesota and Dakota, Montana, Idaho, Oregon and Washington. 
Bear in mind that the Northern Pacific and Shasta line is the 


FAMe@US#@ SCENIC@ROUTE 
To_All Points in California. 


Send for illustrated pamphlets, maps and books giving you valuable in- 
formation in referencejto the country traversed by this great line from St 
Paul, Minneapolis, Duluth and Ashland to Portland, Oregon, and Tacoma 
and Seattle, Washington Territory, and enclose stamps for the new 1889 
Rand McNally County Map of Washington Territory, printed in colors. 

Address your nearest§ticket agent, or 


CHAS. S. FEE, 


General Passenger and Ticket Agent, 


ST. PAUL MINN. 
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Minneapolis & St. Louis 


RAILWAY 


AND THE FAMOUS 


“F\lbert Lea Route.” 


TWO THROU GH TR: AINS D: AILY 


FROM ST. PAUL anp MINNEAPOLIS To 


ACHICAGOK 


WITHOUT oon CONNECTING WITH THE FAST 
TRAINS OF ALL LINES FOR THE 


EAST © SOUTHEAST. 


The Diect and Only Line Running Thro ugh 
rars Between Minneapolis and 


DES MOINES, IOWA, 


Via J AL BE RT LEA AnD FORT DODGE. 





SHORT LINE 10 WATERTOWN, DAK. 


- SOLID THROU GH TRAINS 
——BETWEEN—— 


MINNEAPOLIS “xo ST. LOUIS 


an the Principal Cities of the Mississipp1 VALLEY, 
counecting in Union Depot nnd all — 
SOUTH anno SOUTHWES 


MANY HOURS SAVED *23,2",08E% 


running 
SAINT SOSEPH and av. KANSAS CITY, 


CHISON, making connections with the Union Pacific 
and Atchison, Topeka and Santa Fe Railways. 





83° Close connections made in Union Depot t with 
all trains of the St. Paul, Minneapolis & Manitoba; 
Northern Pacific; St. Paul & Duluth; Minneapolis, 
St. Paul & Sault St. Marie Railways from and to all 
pointe NORTH and NORTHWEST. 


REMEMBER! ‘Phe trains of the MINNEAPOLIS & 


ST.LOUIS RAILWAY arecomposed 
of Comfortable Day Coaches, Magnificent 
Pullman Sleeping ars, Horton Wr CARCT 


or july seas PALACE DINING CARS! 


= 150 LBS. OF BAGGAGE CHECKED FREE. 
Fare always as Low as the Lowest! For Time 
Tables, Through Tickets, etc., call upon the nearest 

Ticket Agent, or write to Cc. H. HOLDRIDGE, 
Gen’! Tkt. & Pass. Agt., Minneapolis, Minn. 
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The H. 6. Staver Manufacturing Co. 


BUGGIES AND CARRIAGES. 
Roap CARTS AND HARNESs. 


“THE BEST GOODS FOR THE MONEY.” 


= 


THE WORLD BEATER ROAD CART. 


Our work is fully warranted, is of excellent material and finish, and 
moderate in price. Our line of Buggies is very complete. 

We make a specialty of Hand and Machine Made Harness. 

Write for prices. Address, 


15 to 19 West Lake Street, CHICAGO, ILL. 


CARLETON COLLEGE. 


NORTHFIELD, MINNESOTA. 


Full Preparatory and olegiate Departments. 
English, Scientific, Literary and Musical ourses. 
All Departments open to Students of Either Sex. 
Expenses Very Low. 


CALENDAR FOR 1889-90. 


Examinations to enter the English Academy or Preparatory Department 
the first afternoon of each term. 
Examinations to enter the Collegiate Department, September 3d, 1889, 
and June 6th and 7th, 1890. 
Fall term begins Wednesday, September 4th, and ends December 19th, 
1889. 
Term Examinations, December 18th and 19th, 1889. 
Winter Term begins Tuesday, January 7th, and ends March 19th, 1890. 
Term Examinations, March 18th and 19th 1890. 
Spring Term begins Wednesday, March 26th, and ends June 12th, 1890. 
Term Examinations, June 9th and 10th, 1890. 
Anniversary Exercises, June 7th to 12th, 1890. 
Wednesday, September 4th, 1889, Fall Term begins. 
JAMES W. STRONG, President. 
NORTHFIELD, MINN. 


FOR S A '? TELESCOPE, six-inch object glass; eye pieces, 71, 117, 147, 
e 273. Equatorial mountings, declination circle, with finder 

complete. Charles Boyle, maker. Instrument in good repair. Property of the late Moses 

Gunn, M.D. Address. WALTER C. GUNN, Chicago, Ill. 
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GEO. N SAEGMULLER, 


SUCCESSOR TO FAUTH & CO., 


WASHINGTON, - - - D.C. 















































MANUFACTURER OF E:QUATORIALS 


With the Latest Improvements, including my Patent 
Finding Circles at Eye End. 


Transit Circles, Transits, Chronograph, 


And allkinds of Fixedand Portable Astronomical Instru- 
ments and Apparatus of Precision. 


























WARNER & SWASEY, 


MANUFACTURERS OF 


OBSERVATORY OUTFITS, 


g Gear and Shutters. 








With Patent Frictionless Mechanism for Runnin 


OBSERVATORY DOMES OF ALL SIZES. 
‘OP ‘SHdVYDONOYHO SLNAWNNYLSNI LISNVYL 





6-INCH EQUATORIAL. 


EQUATORIAL TELESCOPES. 


From 6-inch aperture to the largest size. 


WARNER SWASEY, CLEVELAND, OHIO, U.S. A. 
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